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CLINICAL AND EXPERIMENTAL 


CHANGING TRENDS IN MEDICAL INTERN-RESIDENT EDUCATION 


RicHarp M. Mckrax, M.D. 
Derrorr, Micn. 


epson of an investigative nature, with which the modern medical scene has 
heen increasingly charged, have added substantially to the understanding 
of disease states and their better handling. They have, on the other hand, im- 
posed a task of vast dimensions on the student of medicine who is attempting to 
sift the wheat from the chaff in this ever-increasing store of scientifie data. The 
mass of existing factual knowledge presents an almost insuperable burden to 
his memory. <As a result other mental processes are apt to be stultified. At the 
end of his undergraduate medical education, therefore, the medical neophyte 
requires time and opportunity for the assimilation, the integration, and applica- 
tion of this barrage cf material. He must connect the disease, of which he knows 
much, with the patient, of whom he knows little. Above all, we must endeavor 
to teach him what Emerson gives as the hardest task in the world——namely, to 
think! 

Medical edueation in its broadest sense starts with the premedical vears 
and continues until retirement or death interrupts the physician's professional 
endeavors. The most important single segment of that long epoch probably rests 
in the intern-resident period, during which this process of svnthesis must largely 
take place. Unfortunately, instruction at this period is too often haphazard, 
and too much is lett to self-education. Reeognizing its importance in the over- 
all picture, therefore, let us consider the dilemma with which ediicators are 
faced in this phase of the postgraduate scene. Its proverhaal two horns are 
quite clearly defined: on the one hand, by a sharp increase in our intern-resi- 
dent population; and on the other, in the majority of the hospitals approved 
for such training, by a marked drop in the number of so-called teaching or 
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‘staff beds.’’ (By ‘‘staff beds’’ we have reference to open ward beds, the 
subsistence and care of whose occupants is underwritten by publie funds, city, 
county, or state, or, in relatively small proportion, by some intrahospital 
endowment plan.) 

The reasons for both of the aforementioned situations are evident. In re- 
gard to the upsurge in the number of our hospital trainees, they are largely 
twofold: (a) A steadily increasing appreciation on the part of both teacher 
and student of the need for more training, under supervision, beyond the medi- 
sal school level; and (b) the more tangible urge furnished by the requirements 
for certification by the various specialty boards. 

Factors behind the increasing dearth of free or ‘‘staff’’ patients are many 
and manifest, and may be grouped under two general headings, both equally 
culpable from the viewpoint of our argument : 

1. First, there has been a falling off in the available relative number of 
ward beds, because: (a) the income from hospital endowment funds has risen 
but little, and in many instances has declined, while maintenance costs have 
doubled or trebled; (b) the Government ageney (city, county, or state) for- 
merly supporting the majority of staff patients has failed to raise its per diem 
allowance to the hospital for such care to meet the actual increase in hospital 
maintenance cost; (¢) furthermore, in the past ten years hospital construction 
has lagged behind the population increase. 

As a result of this combination of circumstances, some hard-pressed Boards 
of Trustees, cognizant of the prevailing fact that they could keep all available 
hospital beds filled by so-called ‘‘private patients’’ at largely supportive rates, 
have either closed ward beds or altered the area formerly occupied by them 
to accommodate patients paying a higher rate. 

2. Second, there has been an actual decrease in the number of ‘‘medical 
indigent’’ or potentially available ‘‘staff’’ patients, which is traceable, in 
general, to changing economic trends. The highest per capita income in our 
history, the assumption of increasing responsibility for the health and welfare 
of its workers by both Capital and Labor, the mounting population coverage 
by the Blue Cross or other ‘‘prepayment’’ plans, and the absorption of an in- 
creasing number by Veterans’ Hospitals, have collectively contributed to this 
end. 

With this set of factors operative, the net result in most so-ealled ‘‘ pri- 
vate’’ hospitals has been to reduce their teaching beds to a relative handful. 
In effect then, more and more residents are seeking longer and longer training 
on a steadily declining quantity of teaching material. 

Since none of the above circumstances seems destined for an early ma- 
terial change, we must readjust our sights if we are better to meet the edu- 
eational requirement of this group. It is not the paucity of patients per se 
but of those ordinarily considered available for teaching purposes, which pre- 
sents the critical problem. Piecemeal bedside visits with this or that staff man 
at irregular intervals without continuity are present now as they have always 
been. However, this method of instruction is mostly too hit-or-miss, too varie- 
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vated and unorganized to hold a consistent conerete value. There are hos- 
pitals like the University of Chicago eclinies group, the State of Wisconsin 
General Hospital, the University Hospital in Ann Arbor, and others of a simi- 
lar nature, in which private patients are admitted to the care of a staff group 
rather than to the individual physician, with the understanding that each shall 
he available for teaching purposes. There are, too, that group of university 
and municipal hospitals that have maintained a one hundred per cent ‘‘staff 
bed’’ status since their inception. To sueh, most of these remarks obviously 
do not apply. There remains that great group of voluntary hospitals sup- 
ported by the echureh, and by private and public endowments, not in either of 
the above categories. These are particularly affected by the current situation, 
vet are the institutions in which a majority of our interns and residents now 
receive their training. 

It is self evident that to produce the best physicians, we must have high 
ealibered teachers, good quality students, and adequately available teaching ma- 
terial at all levels of medieal edueation. When the last named is lacking, a 
staff conscientiously attempting to maintain a ‘‘teaching program,’’ commonly 
resorts to the lecture room or at best to a so-ealled ‘‘dry clinie’’ in the amphi- 
theater for the large bulk of intern-resident instruction. Thereby authority 
is apt to replace observation and dogma to substitute for reasoning; for dog- 
matie teaching is much easier in the lecture room and in the textbook than at 
the bedside! Three hundred years ago William Harvey sounded a warning 
when he said: ‘‘I profess to learn and to teach anatomy, not from books but 
from dissection; not from the position of philosophers but from the fabric of 
This admonition applies equally to elinieal teaching. It is not the 


? 


nature. 
intent of this argument to deery completely the employment of the didactic 
method; for there are patently subjects in which an organization of material 
is better served by the use of the lecture room. This approach, however, must 
not beeome the sum and substance of our educational efforts. 

Whatever these approaches may be, there can be no place in them for 
complacency, inertia, or the perpetuation of existing routine in this vital 
area of medieal edueation. Certain positive avenues open toward this end. 
Irom the viewpoint of the staff, the simplest, because it would entail the least 
readjustment of habit, would lie in the development of increasing endowments 
adequate for the support of enough additional staff beds to furnish a variety 
of clinical material for a satisfactory Intern-Resident Program. 

This same result could be attained through an agreement with the respon- 
sible community agencies, whereby the granting of a per diem return com- 
patible with increasing hospital costs would allow an increased quota of po- 
tentially instructional patients. This number in either case need not be large; 
for a small field well tilled may yield great harvest. This was evidenced by 
Boerhaave’s labors in Leiden, two hundred years ago, where on a twelve-bed 
ward and almost singlehandedly, he shaped the teaching methods of two 
centuries. 
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Both of the foregoing objectives may be zealously sought, although each 
has its evident inherent difficulties of accomplishment. In the event of their 
failure, it becomes evident that in most hospitals private patients must be 
utilized as teaching material. Two possible moves in this direction may be 
considered, one of which has already been utilized by certain institutions pre- 
viously mentioned. In these, patients are admitted not to the individual physi- 
cian but at a staff level, with the definite understanding that they shall be 
available for teaching purposes. 

Another and seemingly a more practical step, at least in the introduction 
of this departure from precedent, is under trial in one large hospital with 
which I am familiar. This method employs a forty-bed open ward medical 
unit as its working site. The beds were formerly occupied by ‘staff’? pa- 
tients but are largely usurped now by patients sent in by individual staff 
physicians end are under their personal care. To this unit are assigned a 
series of two- or three-man “visiting teams’? of varied seniority with at least 
monthly tenure of service. It is their function to consider with the intern- 
resident staff assigned to that section, the clinical problems presented by these 
patients. Approximately one and one-half hours, four mornings a week, are 
assigned to these rounds and, on the fitth morning, so-called **Grand Rounds”? 
are held, at which the cullings from these daily group visits are presented to 
the medical attending and house staff as a whole. (At this particular hospital, 
a Clinical Pathological Conference for all departments is given on the sixth 
morning.) The cost of certain special studies, laboratory, x-ray, and the like, 
performed on these patients primarily for teaching and investigational pur- 
poses, should be borne by the hospital and the departments involved. 

In such a program as that outlined above, the entire medical staff is 
utilized initially. After a year or more of its trial phase, it will become evi- 
dent that only a certain number of this original group will beeome—through 
interest, enthusiasm, and a natural or acquired bent——the sustaining forces in 
its furtherance. Whatever the essential nature of the plan instituted, some 
similar vital, cohesive group must shoulder the burden of its suecessful 
perpetuation! 

Another outlet for teaching endeavors of a staff lies in the outpatient de- 
partment (O.P.D.) of the hospital, wherein a wealth of teaching material often- 
times lies fallow. If it be true—as the late Soma Weiss has said—that in the 
ideal modern hospital, the center of aetivity should be the O.P.D., then, any 
slighting of its possibilities cannot be justified. Its potential uses are self-evi- 
dent. Such potentials must be developed and closely integrated with any 
hospital ward program, as an orientated educational unit. ere the minor 
maladies and major illnesses in their incipient stages may be followed, and an 
assigned group of interns and residents given their first exposure to ailments 
which will usually be the *‘bread and butter’’ of their future practices. Spe- 
cial clinies may be developed therein. The utilization of the material of such 
clinics in conference for house-staff education allows an acquired familiarity 
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with a mass of material, particularly in allergy, dermatology, neurology, and 
the psychosomatic field, whieh is usually not available on the wards even under 
the best circumstances, 

With all of the foregoing emphasis on the need for an adequate eduea- 
tional program, however, it must not be forgotten that the so-called ‘‘routine”’ 
duties of the intern-resident staff in regard to assigned patients not only as- 
sume a major portion of each medical day, but that the patient-doctor relation- 
ship involved also furnishes a vital part of his professional training. 

Is the cost in time, effort, and monies involved in any such realignment 
of our approach to interu-resident training worth while? 1 believe that there 
can be but one answer to that question. Not only do we turn out better physi- 
cians and assure better medical care for our own and other communities, but 
in stimulating the student we are putting a greater call upon his teacher, with 
a reciprocal superior level of staff work and achievement throughout. Fur- 
thermore, such sincere pedagogical efforts on the part of a staff to furnish ade- 
quate clinical material and to use that material thoughtfully and productively 
will result in a definite and parallel rise in the morale, discipline, and per- 
formance among our *‘house’’ groups and a more effective level of patient care. 
All of the above should redound to the favorable reputation of the institution 
concerned, Tlence, as a somewhat selfish corollary to this, there should follow 
a higher caliber of intern-resident application for service therein, which, in this 
era of marked discrepancy between supply and demand, becomes by no means 
an unimportant, if somewhat crass, consideration, 

inally, any discussion such as that essayved herein would be incomplete if 
this one more thought were not added. Wherever we may be, we will happen 
on that relatively rare soul, blessed or cursed as the case may be, with what 
Sir Almroth Wright has called a ‘‘ pain in the mind 
fly of discontent at the holes in our common knowledge that are not filled, at 


” 


Scourged by the gad- 


the ‘‘explanations’’ which do not explain, these precious ones must be afforded 
an intellectual outlet. When facilities for clinical investigation are present, 
opportunity and guidance should be furnished to sustain this spark. If this 
does not seem feasible in the institution at hand, he may be reeommended 
elsewhere to allow tree play for this interest and enthusiasm. 

Medicine remains an art to be taught by precept and example. Even 
the so-called ‘* practical doctor’? must be continuously informed by the meth- 
odology of science, if he would bring an open eye and a construetive mind to 


the problems of his daily practice. 











METABOLISM OF DEXTRAN—A PLASMA VOLUME EXPANDER 
STUDIES OF RADIOACTIVE CARBON-LABELED DEXTRAN IN DoGs 


Roger Terry, M.D., Cuarues L. Yur, M.D., ARNoLD GoLopETz, A.B., 
CLAay E. Puiurps, A.B., AaNp Ropert R. Wuire, III, A.B. 
Rocuester, N. Y. 


INTRODUCTION 

gues dextran so effectively tagged by radioactive carbor. that its ultimate 

fate cannot be questioned, it has been demonstrated in normal dogs that 
most of the injected material is rather promptly exereted by the kidneys. 
That the remainder is metabolized is indicated by the almost exclusive elimina- 
tion of residual C*4 as earbon dioxide in the expired air. The recent intensi- 
fied interest in plasma extenders has been concerned greatly with the fate of 
these substances within the body. There is conclusive evidence that no sig- 
nificant metabolic breakdown of another plasma volume expander—polyviny] 
pyrrolidone—occurs in the rat, dog, or man.? However, there has been some 
dispute or uneertainty about the metabolism of dextran. The results of the 
present study confirm the conclusions of Grey and associates,” who were able 
to demonstrate a distinet increase in the D-N ratio following dextran ad- 
ministration to phlorizinized starved dogs, interpreted as evidence for dextran 
metabolism. On the other hand, Bull and associates* found no evidence of 
enzymatie breakdown of dextran when it was incubated with blood, tissue ex- 
tracts, and tissue suspensions. Similar results have been reported by Eng- 
strand and Aberg*t and Szepsenwol.° The latter added dextran to cultures 
of embryonic skeletal muscle without evidence of enzymatic destruction of 
the dextran. 

The present discussion does not deal with the extensive literature relating 
to the history or possible clinical usefulness of dextran, siuce these subjects 
are already well reviewed by Gropper and associates.° 


MATERIALS AND METHODS 


Through the courtesy of the National Research Council and the Commercial Solvents 
Corporation, two separate lots of C14-labeled dextran were made available for study.7 The 
first (Lot No. 15-1-Ci-L-D, Commercial Solvents Corporation) was received as a dry but 
somewhat hygroscopic powder with a radioactivity of 114 microcuries per gram. Aliquots 
of this material were dissolved in varying amounts of 6 per cent Clinical Dextran in 
normal saline (Commercial Solvents Corpsration, Lot No. 84668 A) so that each animal 
received at least one gram of dextran per kilogram of body weight (Table IV). This was 
done primarily to facilitate injection and also to give an amount of nonradioactive ma- 
terial so that chemical determinations of the dextran in blood and urine could be performed. 
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It is readily apparent that the result of dissolving powdered C14-labeled dextran in a 
6 per cent dextran solution having a different molecular weight does not give a uniformly 
labeled product for injection. 

The second lot (CSC Lot No, 21-2-Ci-L-D) received was a uniformly labeled material 
with a radioactivity of 6 microcuries per gram already made up as a 6 per cent sterile 
solution in normal saline. The biosynthesis of these two C14-labeled preparations and some 
of their physical characteristics are described elsewhere.? The different molecular sizes 
ot these substances as listed in the report of the National Bureau of Standards are shown 
in Table T.s 


TABLE I. MOLECULAR WEIGHTS OF DEXTRAN USED AS DETERMINED BY NATIONAL BUREAI 
OF STANDARDS 


CSC DESIGNATION LIGHT SCATTERING NO. AVERAGE* 
Lot 1 No. 15-1-Ci-L-D 86,000 30,600 
Lot 2 No. 21-2-Ci-L-D 66,000 30,200 
6% unlabeled No. 84668 A 36,600 


*Determined by radioactive cyanide combining power methods. 


Two chemical methods were used for the determination of dextran in the urine and 
plasma. In two dogs (51-80 and 51-47) the method used was devised by one of us (A. G. 
and consisted chiefly of an iodometric titration for glucose after hydrolysis of the dextran 
containing fluids in 4 per cent sulfuric acid. This method gave satisfactory results with 
recovery rates between 85 and 95 per cent, but it was time consuming and, to make our 
results comparable to other investigators’, all subsequent chemical determinations were 
made according to the anthrone method of Bloom and Willeox.® 

The dogs were kept in galvanized iron metabolism cages and received ordinary kennel 
diets and water ad libitum throughout the experiment. Blood volumes were determined 


by é 


@ 


modification of the Evans Blue dye (T-1824) method. 
Hematocrits were determined from 15 ml. graduated conical centrifuge tubes spun 
at 3,000 r.p.m, for thirty minutes. 

All methods pertaining to (14 analysis were essentially similar to those previously 
reported and used in this laboratory for studies with C14-labeled am'no acids.1°, 11 Deter 
minations of Ci4 activity in urine and plasma were made directly after drying aliquots 
in the digestion flasks. Collection of expired carbon dioxide was accomplished by placing 
the dog in a metal box through which air was pulled by a vacuum pump at a constant rate. 
After sufficient time had elapsed to insure equilibration of the dog’s expired air with that 
of the entire system, the stream was passed through 2 columns of 20 per cent potassium 
hydroxide, each having a cintered glass filter placed near the bottom, for periods of exactly 
one hour. Aliquots of wet tissue were lyophilized and ground prior to determining total 
C14 activity. In two dogs, 51-47 and 49-61, polysaccharides, precipitated with hot alcoholic 


TABLE II. RELATIVE C14 ACTIVITY IN ORGANS AND TISSUES EXPRESSED AS PER CENT OF 
ADMINISTERED C14 PER GRAM WET WEIGHT (x 10-14) 


UNIFORMLY LABELED 


NONUNIFORMLY LABELED DEXTRAN DEXTRAN 


DOG. NO. 47-188 | 51-47 | 49-61 51-80 | 48-209 
LENGTH OF EXPERI- 3 5 12 4 13 
MENT (DAYS) 
Liver 144 100 35 240 | 14 
Lymph node 126 170 32 270 110 
Adrenal - - 20 38 10 
Spleen 24 17 6 19 + 
Kidney 22 12 5 12 5 
Other (average) 10 6 3 12 4 
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potassium hydroxide from duplicate 5 gram aliquots of fresh liver, skeletal muscle, and 
brain (51-47 only) were also analyzed for C14 activity. 

Urine samples were collected at various intervals (see Fig. 2) during the first twenty 
four hours after injection, and daily thereafter. All urine samples were obtained by 
catheterization except in dogs 47-188 and 48-209 which voided urine spontaneously, 

Blood samples were drawn into heparinized syringes within ten minutes after in 
jection and at various intervals thereafter during the first twenty-four hours (see Fig. 1 
and also at forty-eight and seventy-two hours after injection. 

Expired carbon dioxide sampies were collected for periods of exactly one hour at the 
following times after injection: one to two, four to five, eleven to twelve, twenty-three to 
twenty-four hours and then at intervals of one or more days, depending on the length of 


the experiment (see Fig. 3). 
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Fig. 1.—Disappearance of dextran from plasma following intravenous injection based on 
both chemical and C™ determinations. Total and labeled dextran disappear at different rates 
after giving nonuniformly labeled material (upper graph). After injection of uniformly 
labeled dextran, identical rates are observed (lower graph). 

The dogs were killed with intravenous chloroform at the times indicated in the tables, 
except dog 51-80 which was re-used after a lapse of ten months between the first experi- 


ment and the fifth. Aliquots of the tissues were taken for Clt analysis. 
RESULTS 

Immediately following the injection of the dextran the hematocrits in 
‘ach dog showed a marked drop (from 10 to 18 per cent less than the levels 
before injection). The hematocrits then gradually rose during the first twenty- 
four hours and leveled off just a little below the pre-injection determinations. 
Possibly, repeated blood sampling accounts for the fact that complete return 
to the pre-injection levels was not noted. 

The disappearance of intravenously injected dextran from the plasma, 
determined by simultaneous C' and chemical methods, in two representative 
experiments, is illustrated by Fig. 1. As shown in the upper graph, the C™ 
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leaves the circulation more rapidly than does the chemically determined dex- 
tran in the early phase of the experiment. There is a discrepancy between the 
levels of dextran in the circulating plasma as determined by C'™ and by chemi- 
cal methods during the first twenty-four hours after injection in this dog, 
which received the nonuniformly labeled material. Similar data were obtained 
from the other three animals receiving nonuniformly labeled dextran. On the 
other hand, the lower graph in Fig. 1 demonstrates identical levels as deter- 
mined by both methods at all time intervals in a dog given uniformly labeled 
dextran, In all experiments the amount of dextran remaining in the cireu- 
lating plasma was negligible by seventy-two hours after injection. It was too 
low to he detected by chemical methods, and only very small amounts could 


be detected by C'™ analysis. 
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ig. 2.—Urinary excretion rates of dextran. The relatively more rapid excretion of C"- 
dextran is illustrated for three dogs receiving nonuniformly labeled material (dogs 


KF 
labeled 
are 


51-80, 49-61, and 51-47), while similar excretion rates for total and C-labeled material 
observed for dog 48-209, which received uniformly labeled dextran. 


Kig. 2, which depicts the urinary excretion of dextran as per cent dose 
per hour, illustrates that in dogs receiving nonuniformly labeled material the 
radioactivity appeared in larger quantities in the urine than did the dextran 
determined by chemical methods, especially in the first few hours after in- 
jection, On the other hand, the rates of urinary dextran excretion were identi- 
cal by both chemical and C' analysis in a dog (48-209) receiving uniformly 
labeled material, 

This is also emphasized in Table IV in the columns relating to the per 
cent dose of dextran excreted in the urine. The dogs receiving the nonuni- 
formly labeled dextran excreted into the urine about 70 per cent of the ad- 
ministered C' in the first twenty-four hours after injection, whereas, only 40 
to 50 per cent of the total dextran given was found in the urine by chemical 
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methods, During the same period, in the animals receiving the uniformly 
labeled substance, there was a slightly greater proportion of the dose appear- 
ing in the urine by chemical determination and somewhat less by C' analysis. 

ig. 3 illustrates the difference in metabolic rate of the two lots of dex- 
tran as expressed in terms of CO, excretion. For purposes of simplification 
and ease of presentation, the C™O, exeretion curves of the 4 animals receiving 
Lot No. 1 have been made into a composite graph. Except for minor varia- 
tions, the actual curves from each dog were very similar to the composite one. 
Note that the abscissa has been compressed to allow plotting of the data from 
the twelve- and thirteen-day experiments. 

Although the total percentage of the administered C'* appearing in the 


expired air is relatively small (Table IV), a rapid rise in the rate of exeretion 
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Fig. 3.—Comparison of C™%O. excretion rates in dogs receiving uniformly and nonuniformly 
labeled dextran. Dogs 48-209 and 51-80 received uniformly labeled material. 
is noted during the first few hours after injection. This is followed by a rela- 
tively constant rate of excretion for the next two days, with a gradually de- 
creasing rate thereafter. The first portion of the abscissa has been elongated 
to emphasize this plateau-like appearance of the graph. 

The distribution of C™ activity in the tissues is listed in Tables I and III. 
Although the liver, muscle, skin, and hair had the most activity, when ealeu- 
lated as the per cent of dose, the liver, lymph nodes, and adrenals had the 
greatest activity per gram of wet weight. 

Although the data are not listed in the tables, it is interesting that the 
radioactivity per gram of wet weight of whole liver was almost identical to 
the radioactivity in a polysaccharide precipitate from the same amount of 
liver. 
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TABLE III. ToTat C14 RECOVERED IN ORGANS AND TISSUES PER CENT OF ADMINISTERED 


ACTIVITY 
UNIFORMLY LABELED 
NONUNIFORMLY LABELED DEXTRAN DEXTRAN 

DOG. NO. 47-188 | 51-47 19-6] 51-80 | 48-209 

LENGTH OF EXPERI- 3 5 iz 4 i 

MENT (DAYS 

Liver 3.00 2.85 1.10 iP 0.63 
Muscle 1.74 1.58 1.40 1.26 1.67 
Skin and hair 2.41 2.80 1.20 2.10 0.60 
All others Loe 3.70 1.40 3.44 0.60 

Total 8.7 10.9 Del 14.5 ou 


The only remarkable finding at autopsy was a generalized enlargement of 
the lymph nodes, especially the mesenterie and retroperitoneal nodes in all 
dogs except 48-209. In this dog, which was moderately obese, the nodes were 
normal in size. Microscopically there were no histologie abnormalities ob- 
served except mild to moderate hyperplasia of the reticuloendothelial cells 
of the lymph nodes in the five dogs exhibiting gross swelling of the nodes. 
In two dogs (47-188 and 51-80 No, 2) a periodie acid-Schiff histochemical tech- 
nique similar to that deseribed by Mowry?’ was used in an attempt to demon- 
strate polysaccharides, including dextran, in the tissues. No Schiff-positive 
material was demonstrable in the kidneys of these dogs. However, the pres- 
ence of dextran was not expected in these canine kidneys, because the plasma 
and urine levels were always negligible at the time each dog was killed. The 
hepatie parenchymal cells of these dog livers did contain Schiff-,vs.tive gran- 
ules some of which remained after diastase digestion. The vacuolated phago- 
eytie cells in the enlarged lymph nodes in dog 51-80 No. 2 also were filled with 
red granules. The Schiff stain was unsatisfactory on the lymph nodes in dog 
47-185, but a radioautograph showed black granules above the phagocytic 
cells. 

Most of the foregoing data are listed in Table 1V. We are unable to ae- 
count for about 20 per cent of the injected dextran in dog 51-80 at time of 
sacrifice, but the total recovery in other experiments is good, except for dog 
47-188, where an unknown amount of urine was inadvertently lost in an early 
collection period. This loss could easily account for the low percentage in 
the twenty-four hour urine figures and therefore in the total recovery. 

Fig. 4 illustrates the cumulative exeretion of C'* from the uniformly 
labeled dextran in dog 48-209, Almost identical results were obtained in an 
identical period of time when identical C'*-labeled dextran was injected into 
a human being, according to Dr. Leon Hellman.’* 


DISCUSSION 
It is apparent that the C'*-labeled dextran in Lot No. 1 disappears from 
the blood stream by way of the urine more rapidly than the 6 per cent clinical 
dextran in which it was dissolved. The actual difference in molecular size is 
only 6,000 as determined by number average-radioactive cyanide combining 
power methods (Materials and Methods), but there is probably a fairly large 
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percentage of the first lot of C'™-labeled dextran with a low molecular weight. 
Brewer" has demonstrated that the renal clearance of low molecular weight 
dextraus is more rapid than the larger dextran molecules. This explains the 
ereater amounts of C'-labeled dextran appearing in the urine in the first 
few hours after injection in all experiments (Fig. 2 and Table IV) and also the 
discrepancy between the chemical and C' determinations of dextran in the 
plasma of the dogs receiving the nonunitormly labeled material (Fig. 1). 
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Fig. 4.—Total recovery of C-labeled dextran thirteen days after intravenous injection of uni- 
formly labeled material, derived from cumulative excretion and tissue radioactivity. 


Since a major fraction of the injected dextran leaves the body so rapidly, 
relatively little of the dextran used in the present study could remain in the 
circulation long enough to act as an effective plasma volume expander for 
more than a few hours. The data suggest that dextran molecules of a slightly 
larger size would be more useful clinically than the present form of the ma- 
terial. It must be stressed, however, that these findings apply only in the 
normal animal. In conditions such as shock associated with reduced renal 
function, even low molecular weight dextrans might be retained for consid- 


erably longer periods of time. 
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Within seventy-two hours after administration of the dextran, only neg- 
ligible amounts are detectable in the circulating plasma. However, there are 
appreciable percentages of the injected dose still present in the tissues 
(Table IV). The relatively large quantities found in the musele and skin and 
hair depend more on the fact that these tissues represent such large per- 
centages of the total weight of the dogs’ bodies, since the actual amount of 
radioactivity per gram of wet weight of the musele and skin and hair is ap- 
proximately equivalent to the low radioactivity per gram of wet weight found 
in most of the other tissues. 

The greatest radioactivity per gram of wet weight was located in the 
liver, lymph nodes, adrenals, and spleen, where phagocytie reticuloendothelial 
cells are numerous (Table Il). However, the liver and lymph nodes, par- 
ticularly in short-term experiments, contained much more radioactivity than 
did the adrenals and spleen. The reason for the consistently smaller amount 
of activity in the spleen in comparison to the liver and lymph nodes is not ap- 
parent. The fact that all the radioactivity in the liver resides in the poly- 
saccharide fraction, together with the greatest amount of Schiff-positive ma- 
terial being found in those organs with the highest specific C' activities, sug- 
gests but does not prove that dextran is stored as such in the tissues. 

The last three tables above indicate that the longer the experiment is con- 
tinued the less dextran is found in the tissues. This fact and the steady de- 
cline of CO. output in the longer experiments suggest that the dextran re- 
maining in the body (presumably only the larger sized molecules) is metabo- 
lized at a relatively constant rate. Although the possible inaccuracies of eal- 
culations based on data derived from separate experiments are recognized, it 
is interesting to speculate about the possible time required for removal of all 
dextran from the body. Subtracting the percentage of the total dose found in 
the tissues of dog 49-61 from the percentage found in dog 47-188, there is in- 
dieation that 3.8 per cent of the total dose of C'*-labeled dextran might be 
metabolized in nine days. Since a relatively larger amount of unlabeled dex- 
tran was retained by these dogs, this figure would undoubtedly not represent 
total dextran metabolism. A more accurate estimate could probably be made 
from the two dogs receiving uniformly labeled dextran in which similar eal- 
culations indicate a metabolism of 11 per cent in a nine-day period. 

Using data from the two dogs receiving uniformly labeled dextran, it is 
found that about 27 per cent of the material remaining in the tissues at 
seventy-two hours might be metabolized during nine days. If this rate contin- 
ued, there would be little, if any, residual dextran five weeks after injection. 
This contention is also supported by the work of Hellman." 

Since on the basis of CC’! determination dextran appears to leave the liver 
somewhat more rapidly than some other tissues (Table iI), it is suggested that 
the liver may be the chief site of enzymatic hydrolysis of dextran with final 
oxidation to carbon dioxide. At least the appearance of C'™ in the expired air 
seems to be unequivocal evidence that dextran is metabolized within the 
bodies of dogs. 
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METABOLISM OF DEXTRAN 


SUMMARY 


Normal dogs excrete dextran rapidly into the urine. Presumably this 
rapid excretion is largely due to loss of the low molecular weight fractions 
of dextran. This causes a rapid reduction in the levels of dextran in the 
cireulating plasma. Larger molecular weight fractions are presumably re- 
tained in the body for longer periods. Tabulated data of the distribution of 
C™ activity derived from dextran in the tissues indicate a relatively high 
concentration of dextran in the liver and lymph nodes and a rather uniform 
distribution in most other tissues. There is a slow but definite metabolism of 
the dextran as evidenced by C'™O, production throughout the experimental 
periods. Sinee C™%O, excretion reaches a maximum and sinee C1*O, continues 
to be produced after the circulating plasma levels are reduced to negligible 
amounts, presumably the dextran is metabolized after deposition in the 
tissues. 


We are indebted to the National Researe> Council for aid in conducting this work. 
We are also indebted to Commercial Solvents Corporation, Terre Haute, Ind., for the 
labeled and unlabeled dextran. 
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CHLORIDE “SPACE” AND TOTAL EXCHANGING CHLORIDE IN 
MAN MEASURED WITH LONG-LIFE RADIOCHLORIDE, Cl® 


S. A. THREEFoOoT, M.1D., G. E. BurcH, M.D., ann C. T. Ray, M.D. 
NEW ORLEANS, LA. 


N THE past chloride ‘*space’’ has been estimated from the space occupied 

by various measurable substances, such as thiocvanate, with the assumption 
that chloride ions occupied these same compartments both anatomically and 
physiologically. It was also assumed that the substance measured had filled 
the total space by the time the measurements were made, Determinations 
were limited to one or, at most, a few measurements at selected intervals after 
administration of the substance, and observations of changes from day to day 
were not possible. Although the assumptions mentioned are unnecessary and 
daily measurements can be made with the long-life isotope of chloride, diffi- 
culties which will become apparent still exist in the determination of chloride 
space, Some of these same difficulties are present with other methods of 
‘*space’’ determination also and thus should not prevent attempts at more 
accurate evaluation of the true situation in regard to the space of electrolytes, 
chloride in this instance. 

Previous studies on six dogs with the use of Cl°’ ? indicated the possibility 
of obtaining worth-while data concerning this problem in human subjects. 
Hence the present studies were undertaken, Several objectives outlined at the 
onset of the studies may be mentioned here: (1) to ascertain whether or not 
chloride ions followed a pattern similar to that obtained for sodium ions in 
control subjects and in subjects with chronic congestive heart failure pre- 
viously reported? (2) to determine the chloride ‘‘space’’ and the ‘‘total’’ 
body chloride, (3) to determine the effect of procedures designed for the treat- 
ment of congestive heart failure on the turnover rates, 1e., rates of elimination, 
or loss from blood serum, of chloride. It has not been possible to solve all 
these problems completely, but data have been collected which present partial 
answers to some of these* and expose new concepts about the stability of 
electrolyte space and its measurability. The data also impose limitations on 
the definition of *‘‘space’’ and ‘“‘total”’ electrolyte content. It is necessary 
to qualify the definition to mean calculated space and calculated chloride at 
the moment of measurement. The term *‘caleulated’’ is employed because por- 
tions of the chloride may be exchanging or bound and therefore the value ob- 
tained may not equal the total body chloride or the exchanging chloride.’ It 
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ment Board, Office of the Surgeon General, Department of the Army, Contract No. DA- 
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Research Fund, and the Mrs. kK. J. Caire Fund for Research in Heart Disease. 

From the Department of Medicine, Tulane University School of Medicine and Charity 


Hospital of Louisiana at New Orleans. 
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is also necessary that measurements be made only after attainment of equi- 
librium of distribution of the tracer... The time at which equilibrium of dis- 
tribution is established will vary among subjects, with physiologic state of the 
person and with the material employed as the tracer, It is not possible to 
establish this time more precisely than to say that it is after a certain elapsed 
interval following adminisiration of the tracer substance, whether it be a dye, 
thiocyanate, or radioisotope. Space at the time of injection may be determined 
only by extrapolation, 

In this paper the data will be presented and the results of several methods 
of analysis will be compared. The possible causes for discrepancies among them 
will be discussed, Certain concepts are to be presented that may or may not 


satisfactorily explain these discrepancies. 


MATERIALS AND METHODS 


Five subjects were studied: two control, one with relatively moderate congestive heart 


failure and two with severe congestive heart failure. All reeeived a controlled diet.* The 
clinical information is summarized in Table I. Radiochloride = ten million CPM (Zz 50 ype), 


as NaCl’6, was administered intravenously, and samples of blood and urine were collected 
rapidly for the first two hours and then at daily intervals for the next two months in a man- 
ner described previously for studies with sodium and chloride.2: 3.6 Daily samples of blood 
serum and all urine, stools and vomitus were collected separately as passed and were assayed 
radiometrically as described elsewhere.7 The error of the method, about 5 per cent, was not 
sufficient to explain the variations observed, Concentrations of sodium and potassium were 
determined on a Beckman flame photometer and that of chloride was measured chemically by 
the Schales method.s 
METHODS OF CALCULATION 


Chloride ‘*space’* and ‘*total’’ chloride may be obtained by three methods. Each in 


volves a principle of dilution, and each result for ‘*space’’ is expressed not as actual space 


TABLE I.) CLINICAL DATA ON FIVE FEMALE SUBJECTS STUDIED 


INITIAL BODY DAYS OF | SEVERITY 
SUBJECT AGE WEIGHT CLINICAL OBSERVA- OF 
NUMBER | ( YR. ) (LB. DIAGNOSIS STATUS TION | EDEMA 
501 31 104.0 Thyrotoxicosis Regulated 70 0 


with pro 
pylthiou 


racil 
504 44 110.8 Tubereulous adenitis Treated with 62 0 
streptomy- 
cin 
505 50 142.5 Arterioselerotic heart dis Uncompen 74 4+ to 0 
ease sated to 
compen- 
sated 
503 59 148.0 Severe congestive heart fail- Uneompen 37 $+ 
ure and artericsclerotic sated 
heart disease. Died 
506 54 101.5 Severe congestive heart fail- Uncompen- 33 4+ to 0 
ure, hypertensive cardio sated 


vascular disease, aortic in- 
sufficiency, arteriosclerotic 
heart disease, pulmonary 
embolism with infaretion. 
Died 


*Dietary supervision was provided by Sister EKuphemia and the Misses Gloria Kicklighter 
and Jeanne Reid of the Diet Department of Charity Hospital. 
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but in terms of serum equivalents, or the volume which the tracer in the body would oceupy 
if all of it were present at the concentration of the chloride in the blood serum at the time the 
serum was measured. 

The first method consists of the commonly used principle of dilution for determination 
of ‘‘space’’ of any tracer substance, i.e., the amount present in the body divided by the serum 


concentration, expressed by the equation 


N. - amount recovered by time : Caleulated space in serum equivalents, (1) 
Serum concentration at time t 
where N, is the amount of tracer administered. When applied to chloride, this method involves 
some inaccuracies due to chloride lost in sweat, tears, and skin. 
The ‘‘total’’ chloride in grams is the product of the ‘‘space’’ obtained by the dilution 
technique and the serum concentration of the ordinary (nontracer) chloride in grams per 


milliliter. 


M, S, x CM,, (2) 
where M, calculated total chloride, in grams. 
Ss. caleulated chloride space, in milliliter serum equivalents, and 
CM, serum concentration of Cl® at time t, in grams per milliliter. 


The second method, involving the same principle, is somewhat more accurate but is lim- 
ited to the determination of ‘‘space’’ at the time of injection only. It consists of extrapolat 
ing of the serum concentration of the tracer for several days after equilibrium of distribu- 
tion has presumably been reached back to time of injection and dividing the amount injected 


by this theoretic serum concentration obtained for that time. 


No 3 
Ss >= Aw ‘ 
° CN,’ (3) 
where S, calculated tracer space, in milliliter serum equivalents at t,, 
N, = amount of tracer administered, in CPM, and 


CN, 


extrapolated concentration of tracer in the serum at time t,, in CPM per milli- 
liter. 

This method has been described previously for experiments with dogs.1 The errors arising 
from loss of chloride not recovered are thereby eliminated, but the method is limited to only 
one time, t,. 


The total chloride at t, is defined by the equation 


Ms 8, CCN. (4) 
where M, calculated total chloride mass, in grams, at t, and 
CM, = concentration of the Cl® in the serum at t,, in grams per milliliter. 


The third method is applicable only to those subjects whose chloride metabolism has been 
in a steady state over a period of at least a few days, that is, when the quantity of non 
tracer (Cl®) in the serum and compartments freely exchanging with the serum chloride is con- 
stant and the serum concentration of the tracer (Cl) is decreasing in a single exponential 
manner, This method involves the use of the biologic decay rates, especially for the serum 
concentration, and the use of the equations presented in a previous discussion on the theoretic 
considerations of biologie decay rates of isotopes.9 The intake or output of the nontracer 
must be known. The ‘‘b’’ values, equation (6), previously presented’, 5 may be used for 
day-to-day determinations, but they are too variable for accurate daily calculations. Thus, the 
value used represents an average decay rate over a period of a few days when the subject 
is at a relatively steady state on a constant, known intake, or constant output and when the 
compartment size of the chloride is constant. Details of the method are best expressed by 
the equation 
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| 
M, : (5) 
b 
where M, the exchanging body Cl® at time t, in grams, 
| daily intake of Cl*, in grams, and 
b rate of decrease in serum concentration, i.e., the slope of the curve of the con- 
centration-time course of Cl)*, 
CN, 
log : 
N,. (6) 
b z 
t t, 
where CN, concentration of the tracer in the serum at t,, and 
CN,. concentration of the tracer in the serum at a later time, t.. 


From these equations, (5) and (6), the space of the exehanging chloride compartment 
may be calculated from the equation 


Vv M, - 
t CM, ’ «7 
where V, the space of the exchanging cloride compartment at time t, in milliliters. 


This calculated value for ‘*space’’ should be the same as that obtained by the isotope 
dilution technique if all chloride space were freely exchanging. Differences have been found, 
however, and are discussed later in this presentation and elsewhere.4 The limitations of these 
methods have been mentioned, i.e., that the conditions required for accuracy are seldom, if 
ever, achieved except under theoretic circumstances. 

Other methods of a similar nature which may be er:ployed to calculate space and mass 
Will not be discussed in detail in this report. For example, if equilibrium of distribution 
exists, it is possible to calculate space and mass from values of specific activity in any given 
compartment, including the excreta, and the tracer remaining in the entire organism. This is 
expressed by the equation 

N, — amount recovered by time t 
: Mr. (3) 


Specific activity. at time t 
RESULTS 

Results are graphically summarized for each subject by Figs. 1, 2, 3, 4, 
and 5. The temporal course of caleulated chloride space was obtained from 
the isotope dilution method, and the temporal variations in caleulated total 
chloride mass were obtained from the product of the serum concentration of 
nontracer chloride and the compartment size in serum equivalents. 

Inspection of these five illustrations reveals considerable fluctuation in 
calculated chloride space and calculated total mass. At no time was there a 
constant state of space or of mass. These variations were associated with 
widespread temporal variations in concentration in the blood serum, urinary 
clearance rates, and urinary concentration of the Cl and Cl’. Chloride space 
and mass varied more in the subjects with congestive heart failure (Figs. 3, 
4, and 5), being most striking in the two subjects with severe congestive heart 
failure. 

It is evident from Figs. 1, 2, 3, and 5 that chloride space and mass gen- 
erally varied directly with body weight. Although the daily variations con- 
tinued as a gain in weight occurred, there was an over-all increase in chloride 
space and mass (Fig. 1). With a loss in weight, there was an over-all decline 
in chloride space and mass, but the daily and more rapid changes in space 
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and mass continued (rig. 3). These relationships to change in weight existed 
whether or not the change in weight was due to a change primarily in the body 
tissue (Fig. 1) or edema fluid (Fig. 3). 

Because of the daily variations in caleulated chloride space and mass, 
it is not possible to record a fixed mean value for each, but the mathematical 


DAILY VARIATIONS IN ci3= "MASS ANO SPACE" 


Control Subject 50! Control Subject 504 
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Fig. 1. Fig. 2. 
Figs. 1 and 2.—-The relationship of calculated chloride space and mass to body weight, 
chloride intake, and administration of various drugs in two control subjects. (Hg = Mercu- 
hydrin® 1 c.c. intramuscularly; KAc potassium acetate 6 Gm. per day orally.) 


mean values calculated from the daily determinations were: the values for 
calculated chloride space for the two control subjects averaged 16.45 liters and 
11.5 liters in serum equivalents, or 34.8 per cent and 22.5 per cent of the body 
weight. Tuberculous lymphadenitis and borderline hypochloremia (about 95 meq. 
per liter) found in subject No. 504 may explain smaller space in percentage body 
weight than that found for the other control, subject No. 501, or for the six 
dogs. The ealeulated total chloride mass for these two subjects was 59.0 Gm. 
and 40.5 Gm., respectively. This is also relatively small in subject No. 504. 
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The subject with relatively moderate congestive heart failure (subject 
No. 505) yielded average values for caleulated chloride space of 25.1 liters or 
36.1 per cent body weight. The calculated total chloride mass was 85.2 Gm. 
This subject was edematous but lost most of the edema during the course of 


the study. The space values were still larger for the two subjects who were 


DAILY VARIATIONS IN CI>>"MASS AND SPACE" 
Moderately Severe CHF Subject 505 
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Fig. 3.—Relationship of calculated chloride space and mass to body weight and the in- 
take of chloride. The effect of diuresis and compensation on calculated space and mass are 
evident. The symbol Hg represents 1 c.c. Mercuhydrin® except the last few days of observa- 
tion where it indicates 0.3 ¢c.c. Thiomerin®. 
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extremely edematous and in severe congestive heart failure. The average 
‘ : OAR Itaedine Rae — ‘ 01) Q 
caleulated space values were 43.0 liters and 26.5 liters or 65.6 per cent and 60.8 
per cent body weight, respectively. The calculated total chloride averaged 

147.0 Gm. and 88.7 Gm., respectively. 
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Space and mass were also calculated in each subject for t, by means of 
equations (3) and (4) (Table II). In the control subjects, whose electrolyte 
states were relatively stable, the values for calculated space and mass at to 
were essentially the same as the arithmetic mean of the daily calculations 
graphed in Figs. 1 and 2. The values for t, and the over-all mean values dit- 
fered in those subjects whose electrolyte states were changing. 

Figs. 1 to 5 also show the influence of intake of chloride and various 
therapeutic procedures on changes in caleulated space and total body chloride. 

The intake of CP did not produce a consistent change in calculated chlo- 


ride space and mass, Because of this over-all inconsistency, it is difficult to 
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Figs. 4 and 5.—Relationship of calculated chloride space and mass to body weight, chloride 
intake, and various drugs and therapeutic procedures. The variations in these parameters are 
marked and greater than those of the control subjects (Figs. 1 and 2). The variations in 
calculated space and mass without proportionate change in body weight, evidenced by these 
two subjects, are discussed in the text. During the diuresis shown for the last few days of 
observations on subject No. 506 (Fig. 5), two injections of 0.5 Gm. aminophylline, not indi- 
cated in the graph, were given in addition to the mercurial diuretic. Ta indicates abdominal 
paracentesis and T, thoracentesis in subject No. 503 (Fig. 4), 
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TABLE II. CALCULATION OF Cl** ‘“Spack’’? AND CHLORIDE ‘‘MASS’’ AT t, IN FIVE HUMAN 


SUBJECTS 


SERUM | CALCULATED 
AMOUNT CONC. | C136 SPACE t, BODY C155 CONC. TOTAL CHLO 
INJECTED 6 | si N,/CN WEIGHT C156 SPACE t RIDE MASS t,, 

SUB N, CN, (¢c.c. SERUM t, 5 CM, M, SS; * OM, 
JECT (CPM) CPM/ML.) EQUIVALENTS GM. % B. W. GM./MI.. ) (GM. 
501 10,000,000 645 15,503 $7 268 32.8 0.00862 56.12 
D04 10,200,000 SSO) 11,590 D0 904 ER: 0.003823 37.44 
505 12,500,000 139 28.474 64,539 $4.1 0.008694 105.06 
503 10,000,000 290 34,482 67,272 o1.3 0.00835 115.51 
506 10,000,000 361 °7 700 16,018 60.2 0.00332 91.96 


interpret properly changes in space and mass which appeared to be related to 
intake. Administration of sodium chloride either by mouth or by vein was 
associated with an inerease in space, but the magnitude of increase varied 
considerably among the various patients. Administration of ammonium chlo- 
ride reduced caleulated space in some, had no effeet on it in others, and in 
some Circumstances space varied during the period of administration of the 
ammonium chloride. The response to ammonium chloride was not related to 
the severity of the congestive failure nor to the amount of edema present. 
Simultaneous administration of ammonium chloride, mereurial diuretics, and 
aminophylline resulted in disproportionate decreases in weight, space, and 
mass (Fig. 5), 

The effect of drugs on caleulated space and mass is indicated in Figs. 1 
to 5. In the control subjeets and in those with moderate congestive failure, 
mereurial diuretics had little, if any, effeet on caleulated space and mass, 
whereas in the two subjects with severe congestive failure there were decided 
decreases in calculated space and mass following administration of mereurial 
diuretics. Changes in calculated space and mass occurred in the same diree- 
tion in all instances except one, shown in Fig. 5.) Sodium bicarbonate resulted 
ina rise in caleulated space, as did sodium bromide (Fig. 1). 

Kollowing paracentesis (Fig. 4) the values of calculated space and mass 
decreased, In one such instance simultaneous administration of sodium chlo- 
ride made interpretation difficult, but in the remainder there was a fall in eal- 
culated space and mass as well as in weight. 


DISCUSSION 

Certain observations in these experiments deserve comment, but prior to a 
discussion of them certain aspects of these studies must be indicated. For 
example, the calculations of the space and mass in these studies of intact 
nan are based upon data and principles which are indireet and complex and 
are subject to many possible sources of error, Some of these problems are pre- 
sented in a companion paper.' 

Among possible errors is that arising from inadequate distribution of the 
tracer, Cl’, throughout the chloride space of the body. As indieated pre- 
viously,’ it is not possible to determine precisely when equilibrium of distribu- 
tion is complete, but mixing of Cl°® is certainly more likely to be nearer com- 
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pletion by the end of three to six weeks, the duration of these studies, than 
after just a few hours or days. This would be true even for the subjects with 
congestive heart failure. Actually, however, after the first few days of study, 
equilibrium of distribution of the tracer was probably attained, particularly 
in the control subjeets who showed essentially no change in the basi¢ or mean 
calculated chloride space throughout the experimental period. If mixing of 
the chloride had not been adequate, it is likely that these mean space values 
would have shown a continuous change out of proportion to that expected as 
a result of the change in body weight. 

Although mixing or ‘‘equilibrium of distribution’’ of the traeer was most 
likely adequately achieved, there was not always a ‘steady state’’ of chloride 
metabolism. Not only were the turnover and metabolic processes altered at 
each meal, but whenever the over-all intake of chloride was changed as well. 
This also oceurred during spontaneously or therapeutically induced diuresis, 
whenever the ‘‘state of congestive failure’’ varied, or whenever there were 
‘‘intercompartmental’’ shifts of chloride. That the state was unsteady is 
evidenced by the hourly and daily fluctuations in the urinary clearance rates 
and output of Cl’® and Cl**, as well as fluctuations in caleulated chloride space 
and mass. As indicated in another report.? when the metabolism of the ma- 
terial traced is not steady and if distribution of the tracer does not remain 
at equilibrium, the measurements will be influenced by complex factors which 
modify the ecaleulated values. This paper should be consulted for details 
because many of the concepts were derived from these experiments and their 
development was prompted by these data. 

One of the obvious and pertinent observations made during these experi- 
ments was the instability of the ealeulated chloride space and mass. These 
fluctuations existed for the control subjects without edema as well as for the 
subjects with congestive heart failure. Since these are calculations of space 
and mass and are not strictly direct measurements of either, the rapid fluetua- 
tions are due in part to changes in the state of chloride metabolism and are 
not necessarily actual fluctuations in space and mass, inasmuch as change in 
body weight or balanee did not account for these variations. The changes in 
mean or basic values for space and mass probably represent true changes. 
For example, when control subject No, 501 gained weight, her basic chloride 
space and mass also increased (Fig. 1). This is to be expected. Again, when 
subject No, 505 with congestive heart failure lost edema fluid and body weight. 
the mean values for space and mass showed a coneordant decline (Fig. 3). 
This also is to be expected. In both instances, when the basie space and mass 
were changing, there were superimposed relatively rapid variations in space 
and mass. These latter rapid fluctuations might possibly have been mereiy 
reflections of shifting processes occurring between the various chloride sub- 
compartments of the body and not necessarily actual changes in total chloride 
space and mass.* The data indicate that both phenomena are occurring: rapid 
temporal variations in actual total and subeompartmental ehloride space and 
mass as well as caleulated or apparent variations. 
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That rapid as well as slower variations in space and mass occur is im- 
portant in itself, but these variations are also important from a teehnieal point 
of view. Obviously, calculations of space and mass based upon a single or 
only a few measurements may produce misleading interpretations of data con- 
cerning chloride metabolism, Therefore, the number of measurements re- 
corded in a study must be considered during such interpretations. In these 
studies a continuous record of space and mass is reported, depicting the situa- 
tion more completely than could be obtained from a single or only a few meas- 
urements. Although only daily variations are shown, data for much shorter 
intervals were obtained for each subject. Each sample of urine colleeted 
separately as passed was studied individually for moment-to-moment varia- 
tions in chloride metabolism; then the daily samples were pooled for measure- 
ments of daiiy summary variations. 

Chloride space and mass have previously been measured with Cl’ as a 
tracer,’’°!? but because its physical half-life is only thirty-eight minutes, the 
observations could not be conducted after equilibrium of distribution of the 
tracer occurred, This requires thirty-six hours or longer in subjects without 
edema and five or more days in patients with congestive heart failure and 
edema.” Although data obtained with Cl°> are of importanee, they cannot 
present an entirely accurate picture of the size of space and mass and must 
therefore be accepted with caution and certain reservations. 

Similarly, measurements of chloride space with the bromide atom’ cannot 
produce precisely true information of chloride space and mass, since these 
two atoms definitely differ physically, chemically, and pharmacologieally. 
The pharmacologie actions of bromide are well known in ¢linical medicine. 


of distribution and, therefore, may not designate precise ‘‘labeling’’ of all 
the chloride compartments and masses. Thus, comparisons of bromide and 
Cl’ measurements must be made cautiously. Surely, the isotopic method has 
biologie advantages over the bromide method. Turthermore, the same diffi- 
culties for tracer measurements of Cl? space and mass expressed in another 
paper? apply to the bromide method as well. The same shortcomings also 
apply for the thiocyanate method. 

The values for caleulated space and mass obtained in these experiments 
manifested the same wide variations obtained previously for dogs.’ The nu- 
merical values and their fluctuations were much larger for the subjects with 
edema and varied directly with the degree of edema. As in the dogs, the 
size of the chloride space and mass were too large to be explained by extra- 
cellular distribution only. These data indieate intracelluiar distribution of 
chloride for the same reasons noted in the report of data obtained for dogs. 
On the basis of the size of the space obtained in control subjeet No. 501 and 
with the assumption that extracellular fluid volume represents 20 per cent of 
body weight, then ‘‘intracellular’’ chloride mass or chloride mass other than 
that in ‘‘extracellular fluid’? must represent about 40 per cent of the total 
body chloride. If extracellular fluid volume is less than 20 per cent of body 
weight, then the nonextracellular fluid chloride mass and space is even larger. 
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TABLE II]. **‘SPACE** AND ** MASS*’ CALCULATED BY TWo METHODS FOR CONTROI 
SuBJECT No. 501 

SPACE BY SPACE BY 

DILUTION BIOLOGIC SPACE BY SPACE BY MASS BY MASS BY 

DAYS METHOD DECAY DILUTION DECAY DILUTION DECAY 
OF Na/CN;, 1//CM, C7 BODY (7 BODY S, x CM, I/b 
STUDY (C.C. C.C. WEIGHT WEIGHT GM. (GM. ) 
2-12 14921 Q589 32.2 20.8 52.97 34.03 
12-15 14775 11421 32.9 24.9 aL:73 40.58 
22-24 16003 P4198 34.2 518 Sic 86.63 
95-28 ay bes 14487 c PAR | 31.0 09.96 93.63 
30-43 16756 17154 30.2 36.1 59.30 60.69 
44-5] 16974 25605 35.0 52.9 62.81 94.33 
53-57 20213 5058 {1.7 10.5 (out 18.29 
Over-all 16452 15738 34.8 33.2 58.95 56.16 


The experiments show chloride to exist in cells in significant amounts; surely 
this cannot be ignored in studies of chloride metabolic phenomena in man. 

Control subject No. 504 had tuberculous Iwmphadenitis. The small space 
in serum equivalents of 22 per cent of body weight may have been related to 
the tuberculosis, even though the patient was afebrile and was receiving 
streptomycin, The studies of Sims and associates'! indicated alterations in 
chloride metabolism in patients with tuberculosis. That the lymphadenitis 
influenced the results obtained for chloride space and mass in this subject is 
not definitely known, but such a possibility does exist. This subject presented 
other manifestations suggestive of alterations in chloride metabolism, such as 
disturbances in chloride excretion and low levels of chloride in the blood 
serum ; these levels increased with streptomycin therapy. 

Table TIL shows that the calculated values of chloride space and mass 
varied with the method emploved in the calculations. Reasons for sueh differ- 
ences are presented elsewhere.’ It is evident from Table IIL that the values 
are more constant when the dilution method is employed. Calculations ob- 
tained from daily variations in the slope of the curves of concentration-time 


‘ 


course of Cl in the serum suggest greater variations in space and mass than 
do those obtained by the **dilution’’ method.’ In some instances when the 
state of chloride metabolism was suddenly changed, the caleulated values for 
space and mass were extremely small or large, obviously not reflecting the 
actual situation. Such calculations are in error when chloride space and mass 
values were feand to be 77 per cent and 51 per cent body weight or 1&4 Gm. 
and 105 Gim., respectively (subjeet No. 505, Fig. 4), at different times (twen- 
tieth to twenty-first day of study) when considerations of chloride intake and 
output, body weight, or the clinical state of the subject were made and found 
not to account for the values. Such calculated values are most probably due 
to sudden shifis among chloride and water compartments within the body.* 
This mechanism is further supported by the fact that such erroneously large 
calculated values were encountered in the subjects with severe congestive 
heart failure who were showing wide daily variations in their clinical state 
and apparently in their chloride metabolism and intercompartmental shifts 
of chloride and/or water. 
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Among the most perplexing observations made during these tracer studies 
with Cl*’ were the increases in concentration of Cl in the serum. These 
increases were beyond the experimental error of the method employed. The 


only mechanisms by which concentration of Cl’ could increase in the serum 


CORRELATIONS OF Na?23, K32, ci®>, cl3® TO 
CALCULATED cCI®5 MASS AND SPACE 
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tions and urinary clearance of Na*, Cl, CP*, and K* to calculated space and mass and body 
weight. The eighth, ninth, and tenth day interval selected from Fig. 4 (subject No. 503) 
rise in concentration of Cl in the serum without 


and presented in greater detail illustrates a ; 
an associated rise in Cl. This indicates a reopening of a compartment which contained CP*® 
in higher concentration than that in serum. Consult text for details. 


are: (1) by a loss of water from the serum out of proportion to loss of chloride, 
or (2) for a chloride compartment to collect the tracer at a time when its 
coneentration in the serum is high, to hold the tracer for a period during which 


4 


the tracer is being lost from the serum, and then to release the tracer at the 


high count level into the serum. 
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ig. 6 shows an interval of three days during which there was an increase 
in the concentration of Cl°* in the serum of a subject with severe congestive 
heart failure (No. 503). During this time the subject was gaining weight, in 
association with the retention of chloride (Cl°°) and of water. Intake of Cl’ 
was actually increased during the second two days, but Cl’ output and renal 
clearance remained low and essentially unchanged. Water retention was as- 
sociated with no change in output; intake simply exceeded output. Since 
there was no change in Cl’ output and urinary volume, concentration of Cl’ 
in the urine remained unchanged. And, sinee coneentration of Cl’ in the 
urine was unaltered, so would concentration of Cl’ remain unchanged, Since 
a single dose of the tracer, Cl°°, had been administered intravenously seven 
days before, the rise in Cl*® concentration in the blood serum without a corre- 
sponding significant increase in concentration of Cl°° in the serum could have 
oceurred only if a subeompartment with a high specific activity of Cl°® re- 
leased the tracer into the serum. This subcompartment could have aeccumu- 
lated Cl*® at about the time the injection of the tracer was made and when 
the specific activity of the chloride compartments was high and retained the 
chloride by retracting from dynamic activity with the general chloride pool 
of the body. With passage of time, Cl’ would become distributed in greater 
quantities into the other chloride compartments of the body, and at the same 
time Cl** would be lost into the urine. These two phenomena would result in 
a decline in the concentration and specific activity of Cl°° in the serum. When, 
however, the subject’s physiologic state changes (evidenced by a gain in 
edema fluid, accumulation of Cl’ and water) and the more or less isolated 
subeompartment with the Cl*® and Cl® now at relatively high specifie activity 
enters into exchange with the chloride pool, which ineludes the serum com- 
partment, the concentration of Cl°® in the serum compariment would rise. 
This rise could not be due to hemoconcentration, because Cl*’ concentration 
remained essentially unchanged. Furthermore, since Cl** concentration re- 
mained unchanged, the subecompartment from which the Cl°° originated must 
have either released the Cl** with the Cl°* in the same coneentration as that 
found in the serum or water was either increased or decreased in sufficient 
amount to maintain the newly added Cl at the prevailing serum concentra- 
tion. Obviously, Cl’ must be considered in this exchange because Cl°* would 
not migrate without an accompanying movement of Cl’. 

That a shift in electrolytes between the intra- and extracellular compart- 
ments occurred is supported by the fact that the serum concentration of Na®® 
declined greatly, with an insignificant increase in the low renal clearance of 
Na*®* (Fig. 6). Thus, there apparently was a shift of sodium into cells from 
the extracellular compartments. It is, therefore, not inconceivable that chlo- 
ride, Cl** and Cl°°, also shifted, but into the extracellular compartment, as sug- 
gested in the preceding paragraph. Again, it is well to point out that these 
changes cannot be explained solely on the basis of hemoconeentration or dilu- 
tion brought about by changes in water, for if this were the case, the coneen- 
tration of the various elements studied would have shown unidirectional 
change. It may be concluded, therefore, that the sizes of various subeompart- 
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ments of chloride within a given subject vary considerably from time to time, 
especially in subjects with congestive heart failure. 

It is also obvious that when concentration of Cl°° in the blood serum in- 
creased without a greater loss of Cl’® from the body than the previously pre- 
vailing daily loss, then the caleulated Cl°® space and mass would be expeeted 
to decline in value. This caleulated decline has occurred when actually both 
space and mass were known to be inereasing. Thus, at this period of the 
study the tracer method has produced a value for chloride space and a value 
for mass which are erroneous, if these values were accepted as the actual 
values. However, on the basis of a careful study of the entire group of data 
these are not accepted as the actual or true values of space and mass but rather 
as ‘‘caleulated values,’’ and the physiologic phenomenon postulated to ex- 
plain this is an ‘‘opening’’ or entrance of a subeompartment into exchange 
with the general pool of chloride. This may be referred to as funetional 
‘*blinking’’ of subcompartments of chloride. 

The ‘‘blinking’’ phenomenon may result in erroneous absolute values of 
space and mass. Thus, the curves of space and mass shown in Figs. 1 to 5 
are calculated values and do not necessarily indicate the true or actual values. 
When the subject is in a steady chloride metabolic state and all compartments 
are in active exchange with the sampled compartment, the caleulated and 
actual values cannot disagree significantly. Careful inspection of Figs. 1 to 
5 will reveal when the caleulated values do not indieate closely the actual 
values. 

One is then confronted with the problem of postulating the nature of the 
subeompartment. Obviously, it is not known, but it may be an intracellular 
compartment, gastrie juice, bone, or abnormal fluid collections, such as pleural 
or ascitie fluid. Evidenee of intracellular distribution is presented in Table 
IV. Subjeet No. 505 had moderately severe congestive heart failure at the 
onset of these observations and subsequently recovered to a satisfactory de- 
gree of compensation, with disappearance of edema. She subsequently main- 
tained a constant weight (dry weight). When she was edematous, her initial 
body weight was 64.5 kg., the calculated chloride space was 26.4 liters, or 41 
per cent body weight. She lost 7.2 kg. during the course of the study. If 
this represented loss of edema fluid, then one would estimate chloride space 
at the end of the observation to be 19.2 liters (26.4 — 7.2 liters) or 33 per cent 
of ‘‘dry’’ weight (19.2 per 57.3 kg.). This value of 33 per cent body weight 
is in agreement with those for the control human subjects as well as for the 
dogs previously reported.!| This space would indieate the intracellular distri- 
bution of chloride. It is interesting that this subjeet, when compensated, had 
a caleulated chloride space within the range of the controls. This is in con- 
trast with caleulated space values for subject No. 506 who had severe con- 
gestive heart failure and who died during the course of these observations. 
This subject was very edematous at the onset, but at the termination of the 
observations she showed evidences of dehydration. The terminal weight is 
taken as ‘‘dry’’ weight. Initially the body weight was 46 kg., the caleulated 


chloride space was 27.7 liters or 60.5 per cent of body weight. During the 
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observations the subject lost Il ke.. so that estimated chloride space at the 
termination of the observations was 16.7 liters (27.7 to 11 liters) or 47 per 
cent of body weight (16.7 per 35 ke.) In this instance of severe congestive 
heart failure the estimated chloride space remained high in terms of per- 
centage body weight, although there were evidences of dehydration, This 
would indicate that there was more intracellular chloride in this patient than 


in the controls or in the subject who became compensated. 


TABLE IV. COMPARISON OF ‘* WET SPACE’? AND ** DRY SPaAceE**’ IN Two SUBJECTS WITH 
CONGESTIVE HEART FAILURE 


EDEM WT. LOSS 
ATOUS PRESUMED DRY SPACE 
WT. AT DRY TO BE WET SPACE AT T, S, EDEMA LOSS 
c WT. EDEMA ( WET 7 DRY 
SUBJECT KG. KG. FLUID ( LITERS By Ws ( LITERS ) wt.t 
D205 Mod. severe CHEF 64.5 Dice 1.2 264 $1.0 19,2 5S Be 
compensated 
506 Severe CH F—ex 16.0 39.0) 11.0 wid 60.5 16.7 17.7 
pired at dry wt. 

*Dry weight for subject No. 505 determined by constant weight during compensation 
before and after failure. Dry weight for subject Ne. 506 determined by clinical evidence of 
dehydration. 

7S: — (BW, dry wt.) 


Dry wt. 


That increasing dietary intake of chloride did not, in general, alter the 
calculated chloride space or mass (igs. 1 to 5) is not surprising, since no 
change would be expected unless there were an actual! gain or loss of chloride. 
But, if the change in chloride output were equal to the change in intake, space 
and mass should remain constant, and this was essentially our observation 
during the studies (Figs. 1 to 5). In facet, in subjeet No. 505, who showed 
rapid disappearance of edema with rapid weight loss during a period when 
chloride intake was increased and chloride space and mass were actually de- 
creasing, the calculated space and mass were found to decline (Fig. 35). As 
indicated elsewhere,! when the state of chloride metabolism or compartmenta- 
tion is suddenly changed, spurious calculated values of space and mass could 
be and were obtained (subject No. 505, Fig. 4). Ina subject with a deficieney 
in total body chloride due to inadequate intake, an increase in intake would 
be expected to result in retention of chloride and, in turn, an increase in mass 
and possibly in space. This was the result recorded for subjeet No. 501 (Fig. 
1), who had no disturbanee in chloride metabolism and who had been on a rela- 
tively low chloride intake for periods of twenty-two and fifteen days before 
the intake was increased. 

The form in which chloride is administered is another factor which may 
influence the response of the organism to an increase in chloride intake. For 
example, it was found that the response to ammonium chloride, a diuretic 
agent, was increased excretion of chloride and maintenance of over-all chloride 
balanee, with little or no effect on ealeulated chloride space and mass. How- 
ever, when the chloride intake was increased by administration of sodium 
chloride, there was retention of chloride and increase in caleulated space and 
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mass. This might be expected, since retention of chloride is facilitated by the 
simultaneous administration of sodium. 

The removal of large amounts of ascitic or pleural fluid would be ex- 
pected to reduce space in proportion to the volume of fluid removed. The 
succeeding changes after the initial decline in space are interesting (lig. 4). 
Reaccumulation of fluid alone should result in an expansion of space without 
a change in mass. With increased intake of nontracer chloride and its re- 
tention within the body during this interval, both space and mass should in- 
crease. It is apparent from Fig. 4 that although sodium chloride was ad- 
ministered and retention of sodium, chloride, and water occurred, the inerease 
in calculated space and mass exceeded that which could be explained on the 
basis of retention of all the sodium chloride administered. It is apparent that 
a steady state did not exist and that shifting between subecompartments of 
chloride must have occurred. Under such circumstances, isolated measure- 
ments of space are misleading. 

The effects of mercurial diuretics on space and mass show considerable 
variations among the various categories of patients included in this study. 
In the control subjects little, if any, effeet was observed. In those subjects 
with congestive failure who had large amounts of edema fluid, the diuretic 
response was great, as were the decreases in calculated space and mass. This 
is understandable in instances in which the large volumes of urine excreted 
contained electrolytes in approximately the same concentrations as in the 
edema fluid. When weight loss reflects a decline out of proportion to the de- 
crease in calculated space, and mass, then water must have been lost in 
amounts greater than electrolytes. 

Comparison of the daily chloride balance with changes in body weight 
and ealeulated space and mass revealed discordant relationships (Table V). 
This was particularly true when there were extensive changes in intake or 
output of the nontracer. The discrepancies may be related to a disturbance 
in the steady state of chloride balance followed by a lag in re-equilibration of 
specific activity in various subecompartments. However, when the steady state 
of chloride metabolism and balance was obtained during periods of constant 


TABLE V. COMPARISON OF CHANGES IN WEIGHT WITH CALCULATED SPACE AND CHANGES IN 
BALANCE WITH CALCULATED MASS FOR TWO SUBJECTS 





Wt CHANGE IN CHANGE IN CHLORIDE 
DAY OF CHANGE CALC. SPACE | CALC. MASS BALANCE 
SUBJECT | STUDY ( KG. ) ( LITERS ) (GM. ) (GM, ) PROCEDURE 
6 0.45 -1.51 -3.51 +0.99 NH,Cl 
27 +1.02 +1.538 +9.21 +1.38 NH,Cl 
28 —0.57 +1.25 +4.20 +0.51 NH,Cl 
501 29 +0.11 +1.06 +1.05 +0.25 NH,Cl 
30 +0.45 +0.14 —0.46 LT NaHCO, 
Sum of 5 days +0.56 +2.47 +6.49 +1.96 
—_—— ae ~ 6 0.20 — +0.50 +0.60 aa 
22 +1.25 0.14 0.31 +5.56 NaCl 
23 -1.25 0.02 ~1.03 7.05 Hg 
505 24 +0.11 +0.53 +5.08 +0.13 
25 +0.23 ~—1.53 -—3.19 +0.48 
Sum of 5 days +034 —0.96 +1.05 —0.28 
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intake and output without diuresis or paracentesis, then weight, space, mass, 


and chloride balance were more closely related (Figs. 1 to 3). 


SUMMARY AND CONCLUSIONS 


Long-life radiochloride (Cl) has been administered to two control sub- 
jects, and three subjects with congestive heart failure. Samples of blood and 
all excreta were assayed radiometrically daily for Cl’ and chemically tor CL’, 
Na®*, and K*" as well as volume of water. Intake of these substances was 
controlled for thirty to sixty days. From these measurements the chloride 
‘“spaee’’ and ‘‘total’’ chloride mass were calculated by methods involving 
isotope dilution and biologie decay rates. 

The space expressed either as liters serum equivalents or as per cent body 
weight was larger in the subjects with congestive heart failure, being largest 
in those with edema and anasarea. The control subjects had a mean of all 
daily caleulated space values of 54.8 and 22.5 per cent body weight and the 
subjects with failure 36.1, 65.6, and 60.8 per cent body weight. The latter 
two subjects had severe congestive failure and did not compensate. The mean 
calculated ‘‘total’’ chloride mass was 59.0 and 40.4 Gm. for the controls and 
85.2 Gm., 147 Gm., and 88.7 Gm. for the subjects with congestive heart failure. 
The results have demonstrated that calculated values for ‘*space’’ and ‘‘mass’’ 
show wide variations from day to day which are more marked in the subjects 
with congestive failure than in the controls. 

Isolated determination of space or total mass of chloride could be mis- 
leading. It is apparent that certain of the calculated values are not representa- 
tive of the actual space and mass. This is especially true when there is a dis- 
turbance in the ‘steady state’? and equilibrium of distribution of the tracer 
produced by therapeutie procedures, changes in intake of the nontraeer, or 
changes in the state of disease, and examples of such instances are presented 
when variations in the body weight and caleulated space are discordant. 

Onee having acknowledged the instability of the *‘space’’ and ‘‘mass’’ 
and the sources of error in the calculated values obtained with the use of dso- 
fopic tracer, it becomes evident that these same inadequacies plus the biologie 
and chemical differences are present when other substances such as bromide 
or thiocyanate are used to measure chloride space or when inulin, suerose, 
thiosulfate, or dyes are used to measure extracellular fluid space. There is 
also indirect evidence presented that significant quantities of chloride are 
distributed in cells, hone, or other sequestrated compartments. 

Although the physiologic and quantitative significance of the diserepan- 
cies between the ‘*calculated’’ and *‘ probable actual’? values is not known, it 
is certain that the factors discussed must be at least considered in the experi- 
mental determination of electrolyte spaces and masses by any tracer methods 
and that ealeulations based on the assumption that all chloride is extracellular 
must be regarded with skepticism. 
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SOME THEORETIC CONSIDERATIONS OF ELECTROLYTE SPACE 
MEASURED BY THE TRACER METHOD IN INTACT MAN 


G. E. Burcu, M.D., C. T. Ray, M.D., anp S. A. Turereroor, M.D. 
NeW ORLEANS, La. 


URING analysis of data obtained from experiments to determine the biologic 

decay rates and chloride **space’’ in human subjects! by means of a single 
injection of tracer radiochloride, Cl’°, certain phenomena were noted, the ex- 
planation of which was not immediately evident. For example, there was ob- 
served an increase in concentration of the tracer in the serum greater than 
that which could be attributed to technical error or to loss of water. There 
were increases in body weight accompanied by decreases in caleulated Cl** 
space and, conversely, decreases in body weight accompanied by increases in 
caleulated Cl°® space. In explanation of these and other observations, it became 
necessary to consider certain aspects of the problems involved in measurements 
of space of an electrolyte and of total mass of that electrolyte by means of a 
single dose of a tracer. These considerations were directed at vuaderstanding 
some of the mechanisms through which the foregoing seemingly paradoxie 
phenomena might occur. Many of the theoretic considerations concerned with 
ealeulations of total *‘mass’’ and *‘space’’ described in this report are elabora- 
tions of other considerations related to biologie decay periods described pre- 
viously.2. The general concepts presented previously are related, by nature of 
the calculations, to the concepts of ‘*space’’ and **mass’’ presented in this 
paper. The variables and their possible combinations are numerous. Some 
which are applicable to experimental data obtained with Cl°® and which have 
physiologic significance will be discussed in detail. Most of the discussions are 
qualitative in nature. 

Although these discussions are based upon experiments with Cl*® and Na*?,? 
they are applicable to any tracer experiments of similar nature. In these studies 
the subjects, who were under constant observation for sixty to ninety days, re- 
ceived only a single dose of the tracer at the beginning of the experiment. The 
intake, output of the tracer and the nontracer electrolytes, potassium, sodium, 
and chloride, and their concentration in the serum, and intake and output of 
water, as well as body weight and therapy, were carefully observed during the 


entire period of study." * ° 


SOME OF THE PROBLEMS 


The following phenomena were among the many observed in the C1]** 
studies of chloride ‘*space’’ and total **mass’’ which deserve explanation: 
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I. No change in body weight or concentration of Cl in the serum but an 
increase in calculated space. 

Il. No change in body weight or concentration of Cl*® in the serum but a 
decrease in calculated space with or without a simultaneous inerease in 
concentration of the tracer in the serum. 

III. Change in body weight without any change in calculated space, or change 
in body weight opposite in direction to that of calculated space. 

IV. Difference between caleulated total exchanging chloride mass and_ that 
estimated from the chloride balance. 

V. Discrepancies among the space values obtained by several methods of eal- 
culation when more than one method was applicable in a given organism. 


EXPERIMENTAL CONDITIONS 

Preceding any discussion of the possible mechanisms which may explain 
such observations, the conditions of the experimental procedure must be clearly 
described. They include: 

A single administration of a known quantity of tracer (CL°). 
2. Known intake and output of the nontracer (Cl) and of water. 
3. Known loss of tracer from the body.* 
4. Known concentration of tracer and nontracer in the sampled compartment, 
which was blood serum for the intaet human subject. 

». Known time course of weight of the organism (daily measurements ). 
6. Data temporally expressed ‘* per day.’’ 

For some of the theoretic considerations to be proposed, it was assumed 
(1) that the tracer had reached equilibrium of distribution throughout the or- 
ganism, (2) that isoconcentration was maintained, (3) that the compartment 
sizes were not changing (or that the direction and quantity of any such changes 
were known), and (4) that the movement of the tracer into or from any ¢om- 
partment was an exponential rate of change. However, for most of the theo- 
retic considerations the only assumption made was that all exereted tracer, non- 
tracer, or water was derived directly from the sampled or exchanging eompart- 
ment. When other assumptions have been made, they will be indicated. 


SYMBOLS AND DEFINITIONS 


Certain symbols employed in these discussions may be defined as follows : 

S, = caleulated tracer space, or volume expressed in sampled compartment vol- 
ume equivalents, at to, i.e., that volume which the tracer would oceupy if it 
existed in all compartments at a concentration equal to that in the sampled 
compartment. In intact man the unit, serum volume equivalents, has 
been selected because the availability of blood serum makes it the most 
practical compartment to observe directly. 

S, = calculated tracer space, in sampled compartment volume equivalents, at 
any time t. 

S. = actual space (indeterminable). 

t, = time of administration of the tracer. 


*Although these theoretic discussions are based on known loss from the body, in ex- 
perimental observations there were unmeasured, but probably small, losses in sweat. 
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M, total calculated exchanging nontracer mass, in grams, in the body at to. 

M, = actual or total nontracer in the body, in grams, at any time t (indeter- 
minable). 

M, = total actual exchanging nontracer mass in the body, in grams, at any time t. 

My = calculated total nontracer mass in the body in grams, Le., any total mass 
obtained by means of calculation, at any time t. 

My —nontraeer mass in the nonexehanging compartment, in grams, at any 
time t. 

dMy—change in My, in grams, per day. 

(M, = concentration of nontracer in sampled compartment, in grams per milli- 
liter, at ty. 

('M, = concentration of the nontracer in the sampled compartment, in grams 
per milliliter, at any time t. 

N, — total amount of tracer administered, in counts per minute (CPM), at to. 

N; = actual amount of tracer in the exchanging compartment, in CPM, at any 


time t. 

Nx = output of tracer, in CPM per day. 

Ny — total amount of tracer remaining in the body, in CPM, at any time t, ie., 
(Ni+ Ny). 


Ny ~amount of tracer in nonexchanging compartment, in CPM. 

dNy = change in Ny, in CPM per day. 

(CN, = extrapolated concentration of tracer in sampled compartment, in CPM 
per milliliter, at t,. 

('N, = concentration of tracer in sampled compartment, in CPM per milliliter, 
at any time t. 

V,—aetual volume of the diluting medium in the sampled compartment, in 
milliliters at any time t, Le., space of the sampled or exchanging c¢om- 
partment. In this presentation this is considered to be water or water 
volume equivalents. 

| — intake of nontracer, in grams per day. 

K — output of nontracer, in grams per day. 

V,; = intake of water, in milliliters per day. 

Vx = output of water, in milliliters per day. 

Vy = volume of nonexchanging compartment, in sampled compartment volume 
equivalents. 

dVy = change in Vy, in sampled compartment volume equivalents.* 

(; = net gain of the nontracer by the organism, in grams per day. 

BW = body weight, in grams. 

b = exponential value of the rate of decline of concentration of tracer in the 


(CN; ) 
log, os 1 
(CN;,) : 
sampled compartment, where b,. = ——~, obtained from the 
eC 1 


general equation CN, CN,e7' 





*Henceforth, for simplification, this will be referred to as sampled compartment equiva- 
lents. 
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P sampled compartment which represents or reflects the exchanging com- 
partment. 

Y = nonexchanging compartment. 

From the foregoing definitions the following equations must follow: 


‘ N, 
So ae, . CF) 
Nr 
==>. (2) 
CN, 
M, —S, x CM. (3) 
Mr = Si ‘ CM. (4) 
If G = 0, and a steady state is maintained, then 
I + 
Ma = . obtained from general equation CM, = CM,e - (2). (9) 
. 1, 
, M;. 
Vi = ay F (6) 
2 M.. 


‘rom these equations, it is evident that when the isotope dilution method 
is employed (equations 1 to 4), only a few general conditions can influence 
the tracer space as discussed hereafter. 


INCREASE IN CALCULATED SPACE 


I. The ealeulated space will inerease if econeentration of the tracer (CN, ) 
decreases without proportional decrease in the amount of tracer remaining in 
the body (Nr) as, for example, by 

A. Shift of tracer-poor water from other compartments into the sampled 
compartment. This occurs without a gain in weight. 

1. The concentration of the nontracer may remain constant or may 
not decrease to the same degree as the tracer when this water contains non- 
tracer if equilibrium of distribution of the tracer has not been reached be- 
tween the sampled compartment and the source of the water. 

2. The concentration of nontracer decreases also if the water is non- 
tracer-poor as well as tracer-poor. 

B. Retention of water out of proportion to retention of nontracer. 
A gain in weight will oceur under this cireumstanee. 

C, Shift of the tracer from the sampled compartment into other com- 
partments without proportional shift of water from the sampled compart- 
ment. Weight may or may not change, depending upon whether or not wa- 
ter shifts into body fluids lost from the body or into other compartments of 
the body or does not shift at all. 

1. The coneentration of the nontracer may remain constant, may 
rise, or may fall depending upon the balance between the entrance and exit of 
the nontracer into or out of the sampled compartment. 

II. The caleulated space will inerease if the rate of excretion of tracer 
decreases without proportional decrease in rate of decline in concentration 
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of the tracer in the sampled compartment, such as would occur with retention 
of tracer diluted by exogenous water with a gain in body weight or by 
endogenous water without change in body weight. 

Il. A combination of | and TL can result in an increase in calculated 
space. 

There are certain circumstances in which the concentration of the non- 
tracer may vary independently of the concentration of the tracer. These will 
be discussed. 

DECREASE IN CALCULATED SPACE 

I. For caleulated space to decrease, the concentration of tracer (CN,) 
must rise or the rate of decline in concentration of the tracer in the sampled 
compartment must decrease without a proportional retention of tracer (Ny), 
such as by: 

A. Disproportionate shift of water away from the sampled compart- 
ment. There is no change in body weight. The concentration of the non- 
tracer will also rise in the sampled compartment in this situation. 

I. Negative water balance with disproportionate loss of water from 
sampled compartment without change in nontracer balance. Weight is lost 
under this condition, 

(. Entry of tracer from a compartment with high tracer concentra- 
tion (compartment previously closed at higher specific activity) with no 
change in balance conditions, 

I]. Caleulated space will decrease if the rate of excretion of tracer in- 
creases without a concomitant increase in the rate of decline in tracer con- 
centration (CN,) in the sampled compartment, such as oceurs with increased 
excretion of nontracer, and hence tracer, and with a proportionately greater 
increase in output of water. Weight loss occurs in this situation, 

If. Combinations of | and IL will result in a reduction in the size of the 
calculated space. 

NO CHANGE IN CALCULATED SPACE 

When there is a proportional change in the tracer remaining in the body 
and in the concentration of the tracer in the sampled compartment, the 
calculated space will not change. 

Obviously, in calculations of the mass of the nontracer from calculated 
space values, the foregoing factors must be applied to considerations of mass 
as well. 

THEORETIC CONSIDERATIONS 

While considering the possible explanations for the unexpected observa- 
tions indicated in the problems listed early in this paper, it became apparent 
that some of the tracer substance must have become isolated, with resultant 
disturbance in equilibrium of distribution and equality of specific activity 
throughout the entire organism, This isolation could have been associated 
with a disturbance in equilibrium of ‘distribution on the basis of: (1) closing 


off of ‘‘compartments’’ which had previously been in communieation with 
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the sampled compartment; (2) reopening of such compartments at a later 
time; (3) opening of compartments into which the tracer had never found its 
way; (4) entrance into the sampled compartment of water from a compart- 
ment which contained no nontracer or its tracer; or (5) loss of water from 
the sampled compartment (not excreted) without carrying a proportionate 
amount of nontracer with it. This relative isolation could have been anatomic 
or dynamic based on different exchange rates with time lags between changes 
in concentration of the nontracer in the various participating subeompart- 
ments of the space throughout which the nontracer was distributed. Both of 
these concepts (functional or anatomic compartmentation) may be represented 
diagrammatically (Fig. 1) in the same fashion since that portion of the total 
space which is equilibrating at a different rate would, in effect, be a separate 
subcompartment functionally even though not anatomically. 


TWO COMPARTMENTS 
V; | Vv; 


4 | | | 


























| | Vy Vy 
Compartment Compartment 
Pp Ve Ne Me o> Ny Y p | Ne My Nyly 
| My My 
Free communication Functional or anatomic separation 
A. B. 
Fig. 1.—A, Diagrammatic representation of a two compartment system with free com- 
munication between compartments, thus functioning as a one compartment system. B, A 


two-compartment system with either anatomic or functional separation of the compartments. 


The substances in the compartments may shift collectively or individu- 
ally. Hewever, whenever nontracer shifts from any compartment in which 
there is also tracer, then the quantity of tracer which also shifts is dependent 
upon the specifie activity in that compartment. In this scheme of presenta- 
tion (Fig. 1) whenever there is a net decrease of a substance in the sampled 
or plasma compartment, dVy, and dNy, and dMy are negative, and whenever 
there is a net increase of a substance in the sampled compartment these quan- 
tities are positive. 

In subsequent explanations of some of the observed changes, certain re- 
lationships should be indicated. 

(1) Whenever V,; (Volume intake per day) = Vx (Volume output per 
day), there is no change in weight of the organism. 

(2) Whenever V; > Vx. there is an increase in weight. 

(3) Whenever V; < Vx, there is a decrease in weight. 

(4) Whenever V; + dVy = Vx, there is no change in V;, the space of the 


exchanging compartment. 
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(5) Whenever V;+dVy >Vx, then V;_ increases. 

(6) Whenever V;+dVy < Vx, then V;_ will decrease. 

The considerations of ‘‘caleulated’’ space are complex, because the eal- 
culations are dependent on the total quantity of tracer remaining im the entire 
organism and not that in the sampled compartment only and upon the con- 
centration in the sample compartment only. Since the total amount of tracer 
in the body (Ny, or Ny + Ny) is not in the sampled compartment alone, it is not 
likely that all is distributed homogeneously in the sampled fluid (except when 
Ny = 0), and the concentration measured is a reflection only of Ny and Vy. In- 
equality of distribution produces discrepancies between the values of caleu- 
lated space and those which are actually true for the exchanging compartment 
or state. For example, if V; remains constant, the calculated space, St. will be 
larger than the exchanging space, Vy, whenever Ny is greater than 0. Since 
caleulated space is expressed in terms of sampled compartment equivalents, 
the values by definition of the terms accurately define calculated space. ILow- 
ever, this does not represent the true picture in terms of actual volume oc- 
eupied, for even if the nontracer substance is in equal concentration in both 
compartments (P and Y), the concentration of the tracer trapped in compart- 
ment Y after an interval of time will be higher than that in the exchanging 
compartment which has undergone biologie decay by excretion. In this ex- 
ample, it is assumed that V; remains constani. However, even if tracer were 
present in compartment Y or if it were shifting therein and the volume of the 
sampled compartment changes appreciably, either by loss of fluid from the body 
or by shift of fluid into compartment Y, then che tendeney for the coneentra- 
tion of the tracer in P to increase might exceed its tendency to decrease be- 
cause of the presence of or the shift of the tracer into compartment Y. This 
relationship of degree of change in volume of compartment to degree of 
change in concentration of tracer, other than by exeretion, determines the 
change in calculated space and may be expressed to define net shifts of tracer 
from a compartment of higher tracer concentration into the sampled com- 
partment as well as net shifts from the sampled compartment by the following 
mathematic presentations. From the previous definitions and equations it 
follows that: 


(Ne. Ny. (Ne, Ny, ) Ve. 
Caleulated Space at t; = S; ON, — X 4 (7) 
(N; 1 Ny ) (N, T Ny Vi 
Caleulated Space at t. - St, GN, _ N, ‘ (8) 
It is evident that 
Ny, dNy Pe Ny. (9) 


Nt. Nt, + dNy,,., Nx,,.- (10) 
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Therefore, 
(Ne, + Ny,) Ve, Vt, 
Se N Ve 
S, (+ Ny) Vi, N, (11) 
Ni, Nx. i 


When the ratio (11) is greater than 1, calculated space has increased; when less 
than 1, calculated space has decreased; and when equal to 1, calculated space has 
remained constant. 

It is also evident from the foregoing discussions that the directional change 
in size of the actual erchanging space may be determined in a similar manner 
from the following ratio: 

Vi, + Vi,, + Vy, Vx, Vt . 

\, v, 12 

It should be pointed out that the actual erchanging space may vary independ- 

ently of the change in calculated space. Furthermore, whereas calculated space 

may be erroneously greater than the exchanging space, it can never be smaller. 

Therefore, whenever an erroneously large calculated space decreases, its size 
in reality is approaching that of the actual erchanging space. 

By the isotope dilution method, the caleulation of total ‘‘exchanging 
electrolyte’? mass is arbitrarily obtained from the produet of calculated space 
and the concentration of the nontracer in the sampled compartment (Equa- 
tion 4). Therefore, whenever the calculated space increases, unless there is a 
proportional decrease in the measured concentration of the nontracer, CM,, 
there will be an inerease in the calculated total nontracer. This inerease (or 
decrease) is apparent but not real. The relation may be symbolieally expressed 
so that 

when St/ St, 

; (13) 
CM, / CM, 
is greater than 1, caleulated total nontracer mass has increased; when less than 
1, it has decreased; and when equal to 1, it has remained constant. 
From the preceding Ratio 15 the ratios 


Nr, . CN: . CM, 


aan 
Nr, . ON; . CM, sa 

and Ne, . Ne . My - 
Nx, . Ni . My, — 


have the same connotation for the numerical values of the ratios as in Ratio 18. 
Just as caleulated space can never be less than the exchanging space, so 
calculated mass ean never be less than exchanging mass. [rom the foregoing 
ratios and the equations presented for the calculation of mass and space 
Ne My St 


aie _ (16) 
N, M, y,° 16 
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Whenever the total amount of tracer remaining in the body is greater 
than the tracer in the exchanging compartment, i.e., whenever there is tracer 
in a compartment which is not in free exchange with the sampled compart- 
ment, then the calculated total mass of the nontracer will be greater than the 


total exchanging mass of the sampled compartment. 


CHANGES IN “SPACE” COMMENSURATE WITH CHANGES IN WEIGHT 
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Fig. 2.—Examples of conditions in which calculated space varies as is expected from 
change in weight. Since this holds for a functionally “single compartment” system, variations 
in balance of nontracer, water, and rate of loss of tracer are shown at the top of the figure 
for four selected examples in which weight changes. Shifts in balance can be determined by 
inspection of the relative widths of the arrows. The arrows above indicate intake and the 
lower arrows indicate excretion. This schema will be be followed in subsequent figures. | Be- 
low the diagram of the compartment is shown the directional variation of Mr, CM:, body 
weight, St, Nr, CNt, and cencentration of nontracer in the urine. 

It is evident from these theoretic principles that there may be many quan- 
titative variations in and differences between the observed values and the 
values calculated from them. From the observed changes in body weight and 
actually measured nontracer balance these variations and differences fall into 
two categories: (1) ‘‘erpected’’ and (2) ‘tunerpected.”’ 

Examples of Conditions in Which Calculated Space Varies as Is Expected 
From Change in Weight—Although the relationship of the theoretically ex- 
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pected and the observed variations in space and in total exchanging nontracer 
substance has been adequately described,” it is necessary for continuity of 
thought that some of these ideas be mentioned. For example, should body 
weight change so that: (1) there would be a decrease in body weight due to 
water loss and simultaneous loss of nontracer in such amount as to preserve 


NO CHANGE IN WEIGHT OR "SPACE" WITH 
CHANGE IN "MASS" 
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Fig. 3.—The effect on calculated space and mass of various states of balance of the 
nontracer when water balance is zero. A, Diagrammatic representation of the control state 
when balance of nontracer ((1) is zero. B, Balance of nontracer (GG) is positive. C, Balance 
of nontracer (G) is negative. 
isoconecentration, there would be a commensurate decrease in calculated space 
(Fig. 2, 4): (2) should weight loss be due to water loss, the concentration of 
nontracer would increase and the concentration of the tracer in the sampled com- 
partment would either decrease less rapidly than usual or increase, depending 
upon the relative rate of loss of water. This would result in an expected de- 
crease in magnitude of caleulated space (Fig. 2, B); (38) should weight increase 
due to an accumulation of water and of nontracer in quantities sufficient to 
preserve isoconcentration in the sampled compartment, calculated space would 
increase commensurate with the gain in weight (Fig. 2, (); and (4) should 
weight increase due to retention of water alone with a resultant decrease in 
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the coneentration of the nontracer, and a more rapid decrease in the coneen- 
tration of the tracer in the sampled compartment due to both excretion and 
dilution, calculated space would increase commensurate with weight gain 
(Fig. 2, D). Such ealeulations of space and of total mass of exchanging non- 
tracer in the organism are usually made with the assumption that the tracer 
is completely and uniformly mixed throughout the entire system at the time 
of sampling, i.e., a uniform specific activity exists for all compartments con- 
taining tracer and nontracer, with the resultant ealeulated total space and 
mass of nontracer being equal to the exchanging space and mass. 

Likewise, it is evident that, should there be no change in the water con- 
tent of the organism but nontraeer and, hence, tracer were retained, there 
would be no change in weight or in the calculated space, but there would be 
an inerease in concentration of the nontracer and henee in the caleulated 
amount of exchanging nontracer in the organism (lig. 3, B). Conversely, if 
there were an increase in the rate of loss of nontracer, without an equal in- 
crease in the intake and without net change in water content, there would be 
no change in weight or calculated space because the concentration of the 
tracer would decrease proportionately to the loss of tracer. Tlowever, since non- 
tracer would also decrease in coneentration, the caleulated total exchanging 
nontracer content would decline (Fig. 3, C). The ealeulated and actual values 
would be equal. 

The qualitative and quantitative variations produced by changes in intake 
and in rates of change in net balance of the nontracer on the rates of change in 
the ealeulated space and in total exchanging nontracer have been discussed in a 
previous communieation (Fig. 7, ref. 2). It was indicated that the relation- 
ship between I and K and Vy and Vx determines whether or not there would 
be an inerease or decrease in space and nontracer content of the organism. In 
the following discussions special exceptions will be indicated as they apply to 
ecaleulated values. 


Examples of Conditions in Which Changes in Space Are Not Predictable 
From Changes in Weight.—Should change in caleulated space not coincide 
quantitatively with change in measured weight then the assumptions for the 
conditions listed previously would not apply. The assumptions must be modi- 
fied by adding the subcompartment, Y, which is not in equilibrium with the 
sampled compartment, P, discussed earlier in this paper. Subeompartment Y 
may enter into exchange with sampled compartment P during the course of ob- 
servations or may have been in communieation with the sampled compartment 
but later is functionally closed off either partially or completely for variable 
periods of time (*‘skimming,”’ lag in equilibration, or completely closed) and 
subsequently re-enters into free exchange with the sampled compartment. It 
should be re-emphasized that this subeompartment does not necessarily have 
an anatomie boundary, but rather represents the net sum of functional 
processes occurring in many organ systems, structures (connective tissue, bone 
matrix), or cell types. 
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It is not possible to discuss the many phases of activity of subeompart- 
ment Y which may influenee the observations and caleulations obtained by 
direct study of only sampled compartment P. Subcompartment Y can pro- 
duce many calculated values previously unexpected unless the complex nature 
of multiple compartment interplay is recognized, Certain selected eramples 
chosen from experimental observations! will illustrate peculiarities of calculated 


values. 


INCREASE IN "SPACE" WITHOUT CHANGE IN WEIGHT 


to = to 

Ww 
ti) |e ee 
Va Na K Va Nu K Va Ne K 


Calculated exchanging 
nontracer mass My 





Nontracer conc. in 
sampled compartmen 
Body weight 


! 
Calculated tracer 
space Sr 
| 











+ OMy 





Tracer remaining Nr 
in body 


Tracer conc. in 
sampled CNe 
compartment 


Nontracer conc 
in urine 




















Control Example Control Example Control Example 
A B Cc 


Fig. 4.—Diagrammatiec representation of three selected circumstances in which there 
would be an increase in calculated space without a change in weight. A, Net shift of water 
alone from subcompartment into sampled compartment. 2B, Net shift of nontracer and tracer 
from sampled compartment into subcompartment. C, Net shift of water, nontracer, and 
tracer into the subcompartment. 


1. Examples of Conditions Associated With an Increase in Calculated Space 
Without a Change in Weight (This is problem 1 noted at beginning of this 
paper).—Should water alone shift from subcompartment Y into sampled 
compartment P and intake and output of water and nontracer remain equal, 
there would be a dilution of tracer and nontracer in the sampled compartment 
without a change in weight. The concentration of the tracer in the sampled 
compartment would decrease to an extent greater than would be expected 
from the loss of tracer by elimination. The calculated space would be found to 
be increased, but the ealeulated exchanging nontracer mass would not ehange 
(Fig, 4, 4). Although an accurate record of weight would be misleading, the 
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calculated space would reflect the true change in size of the exchanging com- 
partment. Because calculated exchanging nontracer mass would not have 
changed, there could not have been either an associated shift or a sole shift 
of nontracer and tracer. This is one of the simplest examples of participa- 
tion of the subeompartment. 

Another circumstance by which calculated space would increase with- 
out a change in body weight would be for nontracer, M, and tracer, N, to shift 
into the subecompartment in greater proportion than water. The concentration 
of each in the sampled compartment would decrease with a resultant increase 
in calculated space. There would be an increase in the calculated exchanging 
nontracer mass, while the portion of nontracer actually exchanging would 
have decreased and the total amount in the body would not have changed 
(Fig. 4, B). Because of the shift of the tracer into the subcompartment with- 
out a shift of water, there would be a decline in concentration of the tracer 
in the sampled compartment. Since the rate of excretion of tracer is de- 
pendent upon its concentration in the sampled compartment (serum), there 
would be a reduction in the rate of excretion. This reduction in rate of ex- 
cretion would contribute further to the inerease in calculated space of the 
tracer. Although the nontracer, on the other hand, would have shifted and 
its concentration in the sampled compartment would have also decreased, 
continued intake would insure no change in its rate of excretion, Therefore, 
beeause the increase in calculated space would be disproportionately greater 
than the decrease in concentration of the nontracer, then by nature of the 
caleulation (Equation 4) the ealeulated nontracer mass would increase. 

If proportional quantities of water moved into the subecompartment along 
with the nontracer and tracer, the concentration of the nontracer in the 
sampled compartment would remain constant; however, due to the exeretion 
of the tracer and the nonparticipation of that portion which shifted into the 
subeompartment, the concentration of the tracer would drop disproportion- 
ately faster than the total amount of tracer remaining in the body, and there 
would be an apparent increase in caleulated space (Fig. 4, () and in ealeu- 
lated exchanging nontracer mass. 

2. Examples of Decrease in Calculated Space Without Change in Body 
Weight (This is problem 2 listed early in this paper).—Should intake and out- 
put of nontracer and water remain equal, there would be no change in weight, 
but there could be an inerease in the concentration of the nontracer in the 
sampled compartment with a resultant decrease in the rate of decline of the 
coneentration of the tracer, or an actual rise in the concentration of the tracer 
which would result in a decrease in the calculated space. Without an associ- 
ated change in the calculated exchanging nontracer mass, this could be ex- 
plained only by a disproportionate shift of water from the sampled compart- 
ment into the subeompartment (Fig. 5,21). If water were being retained in 
the sampled compartment in quantities equal to that shifting into the sub- 
compartment, there would be no change in the calculated space, but there 
would be a gain in weight (Fig. 5, B). 
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If there were a decrease in the caleulated space, nontracer and tracer must 
have shifted from the subeompartment into the sampled compartment (Fig. 
6, A). For this to occur the nontracer and tracer must have previously shifted 
into the subecompartment at high specific activity having produced erroneously 
large calculated values. Calculated mass would depend upon the difference of 
the specific activity in the subeompartment and the sampled compartment. 


EFFECT OF SHIFT OF WATER INTO SUBCOMPARTMENT 
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Fig. 5.—The effect upon calculated space and mass of shift of water into the subcompart- 
ment. A. Decrease in calculated space without a change in body weight produced by an 
intercompartmental shift of water alone. B, Increase in body weight without a change in 


calculated space produced by retention of water in the body and an intercompartmental shift 
of only water in an amount equal to that retained. 

If proportional quantities of water also shifted out of this subeompart- 
ment with the nontracer and tracer (Fig. 6, B) so as to keep the concentration 
of the nontracer in the sampled compartment constant, there would still be a 
less rapid fall or even a@ rise in the concentration of the tracer. This latter 
behavior of the tracer would follow if the stored tracer were at a specifie ae- 
tivity higher than that in the sampled compartment. A decrease in the caleu- 
lated space and hence an erroneously large decrease in the calculated exchang- 
ing nontracer mass would be obtained when actually there would have been 
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an increase in the exchanging nontracer mass while the total amount in the 
body remained constant. 

3: Examples of Conditions Associated With an Increase tn Space and a 
Decrease in Body Weight (This is problem 3 noted early in this paper).—Should 
output of water exceed intake, there would be a decrease in weight. For 
calculated space to have inereased while weight was decreasing one of two 
things must have occurred: (1) either water must have shifted from a sub- 
compartment into the sampled compartment in quantities greater than the 
difference between the intake and output of water (lig. 7, 1), or (2) tracer 
must have shifted into the subeompartment in a proportion greater than the 
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Kig. 6.—KExamples of decrease in calculated space without change in body weight. A 


Shift of tracer and nontracer from a subcompartment of higher specific activity into the 
sampled compartment at a rate such that the concentration of the tracer in the sampled 
compartment either actually rises or declines at a rate less rapid than previously. B, Shift 
of water as well as tracer and nontracer from a subcompartment in which they were held at 
a specific activity higher than that in the sampled compartment. The concentration of the 
nontracer in the sampled compartment would not change but the concentration of the tracer 
would increase or decline less rapidly than previously. 


loss of water from the sampled compartment (lig. 7, B). The shift of these 
substances into or from the sampled compartment has quantitative as well 
as qualitative (directional) significance, for, if there were an insufficient shift 
of substances, then the calculated space values would proceed in the ‘‘ex- 
pected’ direction even though intercompartmental shifts occurred (Equa- 
tion 11). 

4. Examples of Increase in Body Weight With Decrease in Calculated Space 
(Problem 3).—Should intake of water exceed output, there would be a gain 
in weight. For ealeulated space to have decreased simultaneously with gain 
in weight, (1) either water must have shifted from the sampled compartment 
into a subeompartment in quantities greater than the difference between in- 
take and output (Fig. 8, 4), or (2) the tracer previously stored in the sub- 
compartment must have re-entered the sampled compartment resulting in an 
inerease in the coneentration of the tracer in the sampled compartment 
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umber 


(hig. 8, B). Either of these phenomena would maintain the concentration of 
the tracer at a higher level than would be expected from excretion of tracer 
and from water balance (Equation 11). 

Problems Related to Calculations of Nontracer Mass.—That difficulties 
also exist for calculations of nontracer mass by the tracer principle is ap- 
parent from the following discussion. 
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Fig. 7.—IExamples of increase in calculated space with decrease in weight. A, Shift of 


water from a subcompartment in an amount greater than the excess of output over intake. 
B, Shift of tracer and nontracer from sampled to subcompartment in an amount greater than 
that which would have maintained isoconcentration in the excess of output over intake. 
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Fig. 8.—Examples of decrease in calculated space with increase in weight. A, Shift of 


water from sampled into subcompartment in an amount greater than the excess of intake 
over output. B, Shift of tracer and nontracer from subcompartment resulting in an increase 
of the tracer in the sampled compartment in spite of the retention of water. See text for 
details. 


’ 


Examples of Conditions in Which Changes mn Calculated Mass Are Not 
Predictable From Balance Studies (Problem 4).—The preceding discussions 
emphasized problems related to the caleulation of space by the tracer method 
with little emphasis on ealeulated mass. Like calculations of space, calculations 
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of mass may yield discrepancies between calculated and true values. Should 
intake (1) and output (K) as weil as intercompartmental shift of nontracer 
(dMy) vary independently of intake (V;) and output (Vx) and intereompart- 
mental shift of water (dVy), then concentration of the nontracer in the 
sampled compartment would vary. Fig. 9, -4 demonstrates how the caleulated 
exchanging nontracer mass (My;) may differ from both the actually exchang- 
ing nontracer mass (M,) and the actual total mass (M,) in the entire or- 
ganism, Obviously, the concentration of the nontracer in the sampled com- 
partments in each of the examples presented in discussions of space would 
be dependent upon the relationships among V;, Vx, and dVy and 1, K, and 
dMy. Coneentration of the nontracer in the sampled compartment in turn 
would influence the calculated values. In brief, the balance measurements 
determine the expected variations in mass, the concentration determines the 
calculated mass, and intercompartmental shifts influence concentration, — It 
is because of the interrelationship of these factors that one encounters dis- 
crepancies between ‘‘expected’” and “‘unexpected’’ values, the latter based 
upon caleulated and the former upon mass changes obtained from balance 


studies. 


If 
M, I. + dMy, kK, Mi, 
= - (17) 
M,, M,, 
is greater than 
i, oo Shida Vx,., i Vt, (12) 
Vt, Vi, 


then the concentration of the nontracer in the sampled compartment increases 
(Figs. 9... and 9, B). The ealeulated exchanging nontracer (My) is the produet 
of CM, and ecaleulated space (S;) and, therefore, the caleulated nontracer 
(My) can increase or decrease independently of variations in calculated space. 

Estimation of Compartmentation From Measured Data—Discrepancies 
Among the Space Values Obtained by Different Methods of Calculation (Prob- 
lem 5).—In the absence of a steady state it is not possible to caleulate the size 
or content of the two compartments, P and Y, considered in these discussions. 
It may be possible in some instances to estimate directional changes and to 
limit the explanation for the observed variations to one or two theoretic pos- 
sibilities. When a steady state exists, that is, when the quantity of the non- 
tracer in the sampled compartment is constant and the coneentration of the 
tracer is decreasing in a single exponential manner, then the volume and eon- 
tent of the compartments may be calculated, These may be obtained from 
measurements of biologic decay rates in a compartment of constant size. Mass 
may be ealeulated from 

I Ix 


; = (18) 


M, — 


With the size of the compartment fixed and with a steady state, I must 
equal K. 
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Since 
M, eee 
OM, V; (in equivalents of sampled compartment), (19) 
Mt 


then Ny may be determined from 

Ni = Ve . CNe (20 
The amount of tracer in the nonexchanging (functionally sequestrated) com- 
partment, Ny, is equal to Ny ~ Ny. The following equations permit other eal- 
culations of compartmentation when a steady state exists and the eompart- 
ment size is fixed: 

Nx,,2 
aa J (CNe, /CN;.) 


Nx,,2 
(CN; JON) — 1 


y 9 1 1 (93) 
Ny 1 — (CN; /CNi,) = 
Ni , 
= (24) 
Vi CN, 
Calculated Vy = Se - Vt. (25) 


When discrepancies exist, it is apparent that two different types of com- 
partments are actually being estimated by two methods. By the isotope dilu- 
tion method one estimates the entire space in equivalents of sampled compart- 
ment in which the total tracer in the body would be distributed if it were all 
at the same coneentration as that in the sampled compartment. By the 
biologic decay method, when applicable under the obligatory conditions of sta- 
bility of the sampled compartment and compartments in full exchange with it, 
one estimates only those compartments. 

It should be noted that it is not possible to determine the actual total mass 
of nontracer in the body by any of these indirect methods in an intact animal 
when any of the nontracer is not in the freely exchanging compartment, nor is 
it possible to measure the actual volume of nonexchanging compartments. 

In biologie studies in which the intake and output are equal and in which 
there is no change in body weight, a discrepancy between values obtained by 
the biologic decay method and the isotope dilution method is evidence of the 
existence of functional or anatomie isolation of compartments of nontracer 
within the organism, 


RELATIONSHIP OF EXPERIMENTAL OBSERVATIONS TO 
THEORETIC CONSIDERATIONS 


Although their quantitative and physiologic significance is not fully estab- 
lished, these concepts must be considered in any approach to the measurement 


of “‘space’’ and ‘‘mass’’ by tracer methods, isotopic or otherwise. To dis- 
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regard them is to ignore a possible errer of unknown magnitude which may 
be considerable, especially in disease states such as congestive heart failure. 
With proper recognition of these factors the adequacy and applicability of 
methods of space measurement in intact man may be understood better. Any 
sequestered compartment will introduce errors in calculations which are based 
upon the customary assumption that a given substance exists only in an 
actively exchanging compartment. For example, during the study of Cl° 
space and mass in intact man,’ it was noted that the concentration of the 
tracer Cl increased significantly in the blood serum without an associated in- 
crease in concentration of Cl’ about twenty-eight days after administration 
of the tracer (Fig. 10). This change was not due to any known technical 
error. For the coneentration of Cl°® to have increased, a sequestered com- 
partment must have released chloride at high specific activity into the blood 
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Fig. 9.—Two of many possible mechanisms which may result in discrepnacies between 
calculated mass by the tracer method and that calculated from studies of balance. A. Shift 
of tracer and nontracer simultaneously with negative water and nontracer balance. B, Shift 
of water and nontracer into sampled compartment from a subcompartment into which the 
tracer had not reached a specific activity equal to that in the sampled compartment. 

In both of these examples the quantities involved in balance and intercompartmental 
shift would determine the directional and quantitive changes in calculated mass. See text 
for details. 


























stream. The Cl*® must have been isolated during a period when the specific 
activity of chloride in the blood stream was high. The calculated space and 
mass decreased rapidly, although the subject’s weight changed very little. There 
was no loss of chloride to account for this. The mechanism for erroneous eal- 
culation of this nature during such disturbances in the steady state may be 
found in the above theoretie discussions (ig. 6, B). Obviously, values of space 
and mass so calculated must be accepted with reservations, It is important to 
realize that the effect of intracellular compartments and bone, beeause of 
their large mass, may have considerable effect even though the concentration 
of the traced substance within them is low. I'urthermore, these compartments 
can assume significant variations during certain clinical states, e.g., as with 
fluctuations in the amount of edema fluid in the presence of anasarea. Be- 
cause it is possible to lose a considerable amount of body weight by loss of 
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fat without any loss of tracer or nontracer from bone, changes in 


body weight may not reflect proportional changes in total amount of nontracer 


in the body. 


The influence which an individual subcompartment or combination of sub- 


compartments may have on the concentration in the sampled compartment de- 


pends upon the size and/or number of the subcompartments, the relative spe- 


cifie activities in the compartments, and the amount of change in the exchange 



































rate. Thus, a small subeompartment would not be expected to have a demon- 
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*strable effect on a much larger sampled compartment. However, if the sub- 
compartinent is relatively large, then changes in exchange rate in either di- 
rection could influence the sampled compartment. As illustrated by Fig. 10, 
equilibrium of distribution of the tracer may have been achieved following 
which a large subeompartment became sequestered ; later this subeompartment 
re-entered active exchange because of variation in a physiologic state. With 
re-entry into active exchange the concentration of the tracer in the sampled 
compartment increased. This phenomenon of ‘* blinking of subcompartments”’ 
appears to be of greater magnitude in disease states... This same blinking 
phenomenon may occur in normal individuals.’ 

The balanced or steady physiologic state does not necessarily imply that 
all nontracer and tracer materials are in active exchange at all times. It is 
conceivable that there are many moment-to-moment variations in exchange 
rates which produce fluctuations in measured values about a baseline or 
average value. The less frequent the observations, the more difficult it is to 
define these small variations. This is evident from diurnal variations in serum 
concentration, urinary clearance rates, or gastric seeretion. Even with a 
constant infusion and constant serum concentration there may be eompart- 
ments with which the tracer is not in active exchange and which are therefore 
not being measured adequately. In such an instance it is impossible to know 
when actual total space has been measured.° 

In the theoretic discussions only a few examples were presented to illus- 
trate some of the many possible combinations of variables which may exist. 
Many specifie equations and families of curves based on variations in intake 
and output of nontracer and of water and the quantity and rates of exchange 
of these substances between compartments could have been presented. For 
example, it is possible to substitute specific values into equation 11 to ealeulate 
the changes in space. 

Obviously, mechanisms of the type presented here cannot be observed by 
chemical measurements of the nontracer alone. Although space and mass ean 
be measured in intact man, this study indicates that it is complex and that the 
data obtained must be evaluated carefully. 


DISCUSSION 


That relatively large shifts of a substance such as chloride can oceur is 
further supported by Pitts,’ who reported that in dogs about 20 to 25 per cent 
of the extracellular chloride may be shifted into cells following the intra- 
venous administration of hypertonic sodium bicarbonate solution. This shift 
oceurs within one or two hours. The experiments did not inelude frequent 
determinations for prolonged periods of time to define the temporal course 
of the chloride shift into and then out of the cells, 

Implications of these concepts extend beyond merely the measurement 
of space and mass. I'rom experiments designed to record temporal variations 
in the magnitude of caleulated space and mass and which inelude the reeord- 
ing of the concentration-time course of the tracer and nontracer in one or more 
sampled compartments, it is possible to determine the relative roles of the 
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compartments in the vehicular transport of the nontracer substance in the or- 
ganism. For example, by observing the tracer and nontracer in the erythro- 
eytes and serum of an animal simultaneously and under proper circumstances, 
it is possible to learn whether or not a substance is transported to the kidneys 
or the lungs for excretion primarily by the erythrocytes or by the plasma. 

From this and the previous paper! it is evident that some compartments 
exchange sodium and chloride rapidly while others do so slowly. This must 
be true for many other substances. Therefore, gastrointestinal and renal 
functions must reach compartments at varying ‘‘depths’’ of the body (e.g.. 
plasma, interstitial fluid, cells, bone) in their roles of maintaining an ideal 
milieu for the various living cells and in their buffering of functions tending 
to produce changes from the ideal mean state. It is possible from the appliea- 
tions of such concepts and tracer studies to evaluate the extent to whieh the 
ideal state is maintained and how this is accomplished in normal and diseased 
man for various subcompartments and for various substances. Many of the 
phenomena are observable only by means of the tracer method, 

These data and those of the accompanying paper! indicate that the total 
sodium and ¢hloride space and mass of the body are divided into multiple sub- 
compartments. These electrolytes are exchanging with these subeompart- 
ments at rates which vary temporally. At times all subeompartments are 
probably in free and maximal exchange, while at other times, only certain 
ones are in exchange. Furthermore, the rates of exchange between compart- 
ments probably vary independently of each other, at least to some extent. 
Subcompartments may simply become functionally isolated, or ‘*blink,’’ from 
the primary transporting or circulating compartment, the ertracellular com- 
partment. At other times the electrolytes may shift into one of the subeom- 
partments at the expense of another. At still other times the total space and 
mass of the electrolytes (sodium and chloride) may fluctuate in magnitude. 
In essence, the mass and space of sodium and ehloride, total and in subeom- 
partments, are not static; rather there are continuous fluctuations about a 
mean for the total size, relative sizes of the subeompartments, and degrees of 
exchange among them. The extracellular fluid compartments, especially the 
one which is usually sampled in tracer experiments, the transporting subeom- 
partment, plasma, permits contact and, therefore, exchange among widely 
separated subcompartments such as the skeletal muscles and the liver. 

‘These continuous fluctuations among compartments serve to maintain a 
constant and ideal physiologie chemical and physical state of the extra- 
cellular fluids bathing the cells of the body as well as that of the intracellular 
fluids. The normal subject with normally functioning kidneys and eardio- 
vascular system does this more smoothly, ie., with relatively little magni- 
tudinal variation about the ideal mean conditions. The subjeet with renal dis- 
ease, cardiovascular disease, such as congestive heart failure, or other dis- 
eases cannot maintain as constant a state as the normal subject and, there- 
fore, shows wide magnitudinal variations about the mean. It is most probably 
because of and during sueh marked quantitative deviations from the ideal 
mean that the patient presents his deviations in clinical symptoms and signs. 
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Because of these fluctuations in size, rates of exchange, or functional se- 
questration of the tracer and nontracer among subcompartments, measure- 
ments of space and mass of a substance by the tracer method is complex and 
difficult, Such measurements must include considerations of these dynamic 
phenomena and the permutations and combinations of these many factors, 
some of which were briefly presented in the preceding discussions. It is be- 
cause of the unstable nature of space and mass among the subeompartments 
and the dynamie and variable nature of the rates of exchange among the com- 
partments that it is possible to obtain only an approximate measurement of 
the true space and mass of a compartment or of the entire organism by means 
of many consecutive measurements or calculated values recorded over a long 
period of time. Single measurements or values caleulated for a short interval 
of time are not likely to be accurate representations of the true values, and 
if they were, the observer would never be certain of it. This is especially true 
in diseased states. 

The foregoing discussions show how limited the information on sodium 
and chloride metabolism can be from merely a study of only one compartment 
such as the extracellular compartment. Thus it is evident that in the future 
intracellular compartments will be sampled directly and simultaneously with 
the extracellular compartment to observe better the state of electrolyte me- 
tabolism. The sampling of intracellular compartments is not easy at this time, 
hut may become simple enough for at least special clinical states. Perhaps 
the erythrocytes, which are relatively easy to sample and study, may serve the 
purpose of obtaining an impression of a practical nature of the intracellular 
electrolyte state. The indirect evaluation of the intracellular compartment 
from direct sampling and study of the extracellular compartment has limited 
application and has led to erroneous impressions of the disease states of man. 

Finally, it is well to note that the problems discussed for the tracer study 
of sodium and chloride apply to any tracer method, isotopie or nonisotopic. 


SUMMARY 


The limitations and possible errors in the measurement of space and mass 
in an intact organism have been indicated. Because of multiple compartments 
which vary in their rates of exchange, false impressions of the size of space 
and mass may occur readily. The significance of these in actual experiments 
has yet to be thoroughly determined, but some examples have been presented 
to show that such factors are operative. Interpretation of data for space and 
mass obtained by the tracer method should be made with proper consideration 
of the factors indicated. 
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A STUDY OF THE SODIUM, POTASSIUM. AND CHLORIDE CONTENTS 

OF THERMAL SWEAT OF MAN COLLECTED FROM SMALL ISOLATED 
AREAS OF SKIN 

(7. S. BERENSON, M.D... AND G. E. Burcu. M.D 


NEW ORLEANS, IA. 


7. of temporal variations in eleetrolyte content of sweat was under- 
taken in an attempt to elucidate further the problem of the funetion of the 
sweat glands. Such observations are of particular importanee in the under- 
standing of acclimatization to hot and humid environments and in evaluating the 
influence of hormones and certain disease states upon the electrolyte composition 
of sweat. For aeeurate interpretation of the significance of changes induced by 
altered biologic states it is necessary to know more about the characteristics of 
the normal sweating process. The present studies were designed to observe the 
relationships, with time, of sodium, potassium, and chloride content of sweat 


induced in normal man by a hot and humid environment. 


MATERIAL AND METHODS 


Sixty-one observations were obtained on 81 normal subjects and subjects convalescing 
from various medical illnesses whose ages ranged from 16 to 55 years. None of the subjects 
showed clinical evidence of endocrine disturbances or edema-producing diseases. The sub- 


+ 1° ©. and 60 


jects were prepared for the experiment in a comfortable atmosphere of 2: 


+ 10 per cent relative humidity and were then ushered into a hot and humid room at 40° + 1 
C. and 95 + 5 per cent relative humidity. A lower temperature for the hot room was used 
for experiments lasting over one hour. Throughout the experiments, the subjects rested 


in the supine position on a hospital bed. 

Samples of blood and specimens of voided urine were collected before, during, and 
immediately after exposure to the hot and humid atmosphere, The concentrations of Na and 
K in the sweat were determined with a flame photometer (Beckman) and that of Cl by the 
method of Schales and Schales.1 

Collections of sweat were made from small isolated areas of skin cleansed with soap 
and rinsed successively with tap water, triple-distilled water, 95 per cent ethyl aleohol and, 
finally, with diethyl ether. Although a sodium soap was used, thorough rinsing removed all 
detectable sodium. 

Clean, dry, transparent (Lucite) cups, 2 em. high and with an opening of 10 or 15 sq. 
em., were sealed to the skin by means of an adhesive cement* and were steadied with adhesive 
strips to prevent any alteration in circulation. The enclosed skin surface was accessible from 
the top of the cups through a small orifice which was occluded, except during sampling, by 
a rubber stopper. This arrangement not only allowed collection of sweat from a known area 
of skin isolated from the influence of the general atmosphere but also prevented measurable 


alteration of sweat by condensation or vaporization of water. The exchange of water with 
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Hospital of Louisiana at New Orleans. 
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*Miracle Black Magic Adhesive, Miracle Adhesive Corp., Newark, N. J. 


58 





























Na, K, AND Cl CONTENTS OF THERMAL SWEAT OF MAN 9 


N amber 1 
the atmosphere through the small sampling orifice during collection of samples was negligible 
(mean 0.0014 ml, extremes 0.0002 to 0.0031 mi.). 

3v thorough aspiration of all collectible sweat within the cups, samples were obtained 
with a pipette at two to twenty minute intervals, the interval of time varying to permit ade 
quate accumulation of sweat (0.05 ml.) for electrolyte analysis. The sweat was delivered into 
weighed ampules, which were quickly sealed by an oxyvgen-natural gas flame in a manner to 
avoid evaporation of measurable quantities of water from the sweat. The ampules were stored 
for future analyses. 

The volume of sweat collected was determined by weighing on an analytic balance, with 
out regard for solid contents. For the technique of collection employed, the mean over-all 
error in volume from one sample to the next was 0.013 ml. (extremes —0.041 to 0.01S mil. 
Collection of the initial sample, however, entailed an error of approximately 0.06 ml. because 
of the amount left by wetting on the surfaces of the skin and the collecting pipette. Because 
the skin was dry at the beginning of each experiment, some of the sweat excreted initially 
was not collected. Within a short period of time (approximately fifteen minutes), the amount 
of sweat excreted exceeded that lost in ‘‘wetting,’* so that aliquots could be collected for 
study. Because the initial ‘‘wetting’’ represented noncolleetible sweat, the volume of sweat 
collected during the initial period of each experiment is smaller than the true amount 
excreted. The actual contribution initially by an individual gland may have been as large 
as that for later periods of the experiment. The percentage error in measurements of volume 
obviously decreased as the volume of sweat measured increased. All values recorded in these 


experiments were reduced to 10 sq. em. skin surface per ten-minute intervals of time. 
RESULTS 

Results are summarized in Figs. 1 through 10 and in Tables I through V. 

Concentration-time Course of Na, K, and Cl in the Sweat.—Sweat was col- 
lected from the volar surface of forearms of 14 normal subjects who were on an 
ordinary and unregulated dietary intake of Na, Cl, K, and water. The con- 
centration-time course of Na, Cl, and K in thermal sweat of a typical normal 
male subject is summarized in Fig. 1. The concentrations of Na and Cl, hypo- 
tonie to serum, began at relatively low values and increased concordantly as the 
sweating progressed. The concentrations of Cl were generally slightly less than 
those of Na. The coneentration of K, hypertonic to serum but lower than con- 
centrations of Na or Cl, decreased as the sweating continued, ultimately reaching 
an almost constant value, usually above serum levels. The mean values of the 
minimal and meximal concentrations obtained for the electrolytes studied are 
shown in Table I. 

The rate of sweating in milliliters per 10 square em. per ten minutes 
recorded in these collections increased to reach and maintain a maximal value 
when the duration of exposure to the hot and humid environment did not exceed 
sixty minutes. The mean rate of sweating from the forearm was 0.116 ml, 
(extremes 0.016 to 0.292 ml.). 


TABLE I. MINIMAL AND MAXIMAL VALUES OF THE TEMPORAL CHANGE OF CONCENTRATIONS OF 
Na, Ch, AND K IN THERMAL SWEAT FROM FOREARM OF 14 NORMAL SUBJECTS 


CONCENTRATIONS (MEQ./L. ) 


MINIMAL MAXIMAL 
Na 38.6 (11.7-78.8) } (28.0-95.1) 
Cl 28.7 ( 9.7-64.1) (32.5-79.0) 
K 6.0 ( 4.5-10.7) ( 4.6-18.5) 





The mean values are shown in italics and the extremes in paraentheses, 
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The concentrations of Na and Cl were more closely and constantly related 


to each other than the relationships of the other substances examined (Fig. 2). 
The mean ratio of Cl/Na was 0.88 (extremes 0.65 and 1.52 ml.). Because 


of a progressive decline in concentration of K, the ratios of Ky Na and K/C] 
decreased as sweating continued. The mean ratio of K/Na was 0.16 mil. 
(extremes 0.07 and 0.32 ml.). and the mean ratio of K/Cl was 0.20 ml. (ex- 


tremes 0.08 and 0.51 ml.). These two sets of ratios varied considerably, 


TEMPORAL VARIATION of THERMAL SYYEAT 
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Fig. 1.—Time courses of concentration of Na, Cl, and K and rate of loss in thermal 
sweat and the rate of sweating from the forearm of a normal subject. This subject is 


representative of the group exposed for approximately one hour to a hot and humid atmos- 
phere. The arrow indicates time of reduction of temperature and humidity toward com- 
fortable environment. 


No significant changes were observed in coneentration of Na, K, and Cl in 
the serum and in hematocrit (Wintrobe method) from blood obtained before and 
after exposure to the hot and humid atmosphere for about one hour. 

The rate of urine formation was found to decrease considerably at the end of 
an hour of exposure to the hot and humid environment in 7 patients in whom a 
voided specimen of urine was collected before, during, and at the end of the 
exposure. There was a slight decrease in concentration of Na and Cl and a 
slight increase of K in the urine. The total urinary excretion of these substances 


decreased. 
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Since the rate of thermal sweating is related to the ‘‘intensity’’ of the sweat- 
ing stimulus,” ° one subject was exposed to a less intense stimulus, a lower 
effective temperature (36° C. and 95 per cent R.H.), for a longer period of time, 
two hours. The results are summarized in Fig, 5. The pattern of the time 
course of concentration of Na, Cl, and K in the sweat was similar to that observed 
in subjects exposed for one hour to a higher temperature. The rate of sweat 
formation inereased during the early period of exposure to the hot and humid 
atmosphere and, after reaching a maximum, decreased, resulting in reduction of 
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Fig. 2.—Relationship between concentrations of Cl and concentrations »f Na and K in 
thermal sweat and rates of sweating from forearms of 14 subjects. Because of the Na and 
Cl relationship shown, similar relationships of concentration of Na with the concentration 
of K and with the rate of sweating, as with the concentrations of Cl, were found. 
the total excretion of Na, Cl, and K. The same patterns were observed for sweat 
collected from the forearm and the epigastrium. The ratios obtained under con- 
ditions of the lower room temperature were similar to those obtained for sweat 
collected at the higher temperature for a shorter period of exposure, as pre- 
viously described, except for differences due to rates of sweating over the entire 
period. | 

Three temale subjects excreted considerably less sweat over similar areas 
and under similar environmental temperatures than the males. The mean value 
of the maximal rates of sweating from the forearm of the female subjects was 
0.070 ml. per 10 square em. per ten minutes (extremes 0.061 and 0.087), whereas 
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the mean value of the maximal rates of sweating of 13 male subjects observed 


during a comparable period of time was 0.170 ml. (extremes 0.104 and 0.292). 


Comment. The concentration of Na and Cl in sweat varied greatly from 


subject 10 subject (range of approximately 10 to 100 meq. per liter). as well 


as from moment to moment in the same individual. Such ik variations (Fig. 
4) made it difficult to reach definite conclusions concerning any physiologic 
from the concentration of Na and Cl in a single sample ot 


processes merely 
‘ sweating, and the observation of a 


sweat. Variations also occurred in rates ot 
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Fig. 3.——-Time course of concentration and excretion of Na, Cl, and K in thermal sweat 
and of the rate of sweating from forearm and epigastrium of a subject exposed to a lower 
temperature and high humidity for over two hours. With more prolonged sweating, a de- 
crease in the rate occurred along with a decrease in total excretion of the electrolytes. The 
sweat was collected from widely separated body sites and was of a somewhat different 


magnitude, but the general pattern of sweating was the same. 


decrease in the rate of sweating in one subject after a prolonged period of 
exposure is in aecord with experiments of others.':° These studies indicate the 
need for many more experiments on normal and diseased subjects in order to 
define more precisely standard conditions for study and variations in rates of 
sweating and composition of sweat. Until this is done, physiologie interpreta- 
tions, including clinical and experimental, based upon measurements of a single 
sample of sweat, must be made with caution. 

Fig. 5 summarizes mathematical analyses of curves of 
time course of Na and Cl. The numerical coefficients shown in the equations 


the concentration- 


iictatite aie. 
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represent maximal concentrations in sweat for the respective electrolytes. Al- 
though the coefficients differed for Na and Cl, the slopes of the respective curves, 
indicated by the numerical value of the exponents, were remarkably similar. 

Excretion-time course for Na and Cl ean also be studied in this manner. The 
significance and applications of these curves and equations must await further 
study for clarification. These equations differed from those caleulated previously 
by others® because the experiments were dissimilar. 
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Fig. 4.—Illustration of the variations in magnitude of concentrations with time for Na, 
Cl and K of thermal sweat from forearms of 14 subjects. The range for Na and Cl was wide, 
approximately a tenfold variation; however, for the given individual the curves of concen- 
tration-time course assumed a uniform pattern, as illustrated in Fig. 1. Range of concen- 
trations for K was smaller. 


Relation of Body Site to Composition of Thermal Sweat.—Experiments were 
performed on 9 subjects exposed for about sixty minutes to an atmosphere of 
40° + 1° C. and 95 + 5 per cent relative humidity to study the relationship of 
the electrolyte composition of thermally induced sweat to the area of skin. 
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(a) Similar areas of skin of both sides of the body: In 4 subjects com- 
position of sweat collected simultaneously from similar areas of the volar 
aspects of the two forearms showed no significant differences. The values of 


the means and ranges for the 4 subjects are shown in Table I. 


CONCENTRATION-TIME COURSE of Na and Cl in THERMAL SUYEAT 
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Fig. 5.—Mathematical analysis of curves of concentration-time course of Na and Cl of 
subjects shown in Figs. 1 and 3. The two subjects are shown as examples and not necessarily 
for comparison, since they sweated for different periods of time. The maximal concentrations 
for the respective elements are shown as coefficients in the equations and as the horizontal 
lines in the plot. These were selected empirically to give the straightest plot of the slopes. 
Since the curves assume a mathematical course, it suggests that the factors governing sweat- 
ing are orderly. 

(b) Different areas of shin of the body: Sweat was collected simultaneously 
from 5 different body sites—forehead, volar aspect of forearm, axilla, epi- 
gastrium, and the anterior aspect of the thigh of 5 subjects. The results of these 
experiments are summarized in Fig. 6. The values are expressed as means for 
each of 3 periods of sampling totaling approximately one hour of exposure. As 
in the foregoing experiments, the concentrations of Na and Cl inereased with 
the continuation of sweating, whereas the concentration ot K decreased to 
essentially a constant value. 

In these subjects certain differences were noted for both concentrations of 
the electrolytes and volume of sweat for the various sites. The highest econ- 
centrations of Na and Cl were obtained from the forehead and axilla and the 
lowest from the thigh. The mean value of the maximal concentrations for Na 
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umber 
from the thigh, 49.8 meq./l., was 58.2 per cent and for Cl, 42.5 meq. /1., 48.1 per 
cent of the mean of the maximal levels obtained for axillary skin. The curves 
of the concentration-time course of Na and Cl for the skin of the epigastrium 
and forearm obtained from frequent sampling were similar qualitatively, the 
concentrations tending to be slightly higher for the epigastrium, but differed 
quantitatively. The curves of the time course of concentration of K differed 
slightly for the areas; the concentrations of K were generally slightly higher for 
the forearm than for the epigastrium., 

The highest rate of sweating, and therefore the greatest total excretion of 
Na, Cl, and K, occurred for epigastrie skin. The slowest rate of excretion of 
water, Na, Cl, and Kk was noted for extremital skin, particularly of the thigh. 

Studies of the various ratios for the forearm, shown in Fig. 2, were similar 


for the other sites. 


RELATIONof ANATOMIC SITE toNa,Cl,K andH,0 of THERMAL SWEAT 
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Fig. 6.—Mean values of the rates of sweating and concentrations of Na, Cl, and K in 
sweat from five different body sites of 5 subjects. The mean values represent three periods 
of collection for each site during the hour of exposure to the hot and humid atmosphere. It 
is evident that the greatest total excretion of all electrolytes occurred from the abdomen. 

Comment.—The number of sweat glands per unit area varies over different 
hody sites.2.7 Previous observations by us as well as others* * * have shown 
the function of the sweat glands, especially for water, to vary for different areas 
of the bodv. These loeal differences in sweating must be considered whenever 
comparisons in the chemical composition of sweat or rate of sweating are made. 
The explanation of these differences certainly may be accounted for in part by 


the number of functioning glands. The palms of the hands and soles of the 
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TABLE IL. COMPARISON OF THE COMPOSITION OF THERMAL SWEAT OBTAINED FROM 
SYMMETRIC AREAS OF THE FOREARMS OF FoUR SUBJECTS 


RATE OF SWEATING 


CONCENTRATION (MEQ./L. ) (mu. /10 SQ. CM. 10 
FOREARM NA CL K MIN.) 
Right 42.3 17.0-90.4 ) 89.1 (20.2-77.4 6.3 (4.8-7.1) OOUS4 (0,054-1.060 
Left 43.0 (20.4-90.8 48.1 (31.8-76.4) 5.8 (4.8-6.5) JOOS2 (0.046-0,099 
RATE OF EXCRETION (MEQ./10 SQ. CM./10 MIN.) x 10 
FOREARM NA Cl K 
Right 8.77 (0.94-7.93 3.53 (1.09-7.33) 0.45 (0.29-0.61 
Left 3.62 (1.18-7.35 3.64 (1.46-6.79 0.42 (0,24-0.60 
RATIOS 
FOREARM CL/NA K/NA K/Cl CL/V 
Right 0.91 (059-186 0.19 (0,06-0,62 0.21 (0,06-0.69 545 (165-1742) 
Left NOS (0.57-1.76 0.17 (0.03-0.53 0.17 (0.03-0.61 583 (130-1508 ) 


Tle means of the mean values for the period of sweating are shown in italics and the 
extrenie ine shown in parentheses. 


feet have, however, a relatively low rate of thermal sweating in spite of their 
large number of sweat glands per unit area, indicating functional differences 
among individual sweat glands located in different areas of the skin of man. On 
the other hand, the similarity of the patterns of the concentration-time course 
curves for widely separated areas suggests that the e@lands are simultaneously 
under the influence of other common factors. 

Influence of Acute Circulatory Arrest on Thermal Sweat from the Fore- 
arm.—The following observations were made on 5 subjects to determine the 
effects of ischemia produced by sudden arterial occlusion on thermal sweating. 
Ischemia has been shown to intluence reflex sweating’ and the electrolyte com- 
position, notably K, of venous blood returning from an ischemie forearm,'""'* 

Sweat was collected simultaneously from both forearms before, during, 
and after arterial ocelusion for six to fifteen minutes in one arm produced by a 


“ABLE TIL. INFLUENCE OF ARREST OF THE CIRCULATION ON CONCENTRATIONS OF NA, CL, AND 
IX AND RATE OF SWEATING FoR FIVE SUBJECTS 


PER CENT CHANGE FROM 
CONTROL FOREARM ISCHEMIC FOREARM CONTROL 
Na concentration (meq./I.) 





Before 43.9 (21.2-70.6 45.38 (19.9-78.3) 8.9 (-19.4-13.3 
During 50.4 (19.0-79.3) 55.3 (22.0-94.4) +11.4 (-4.7-41.5) 
A fter 50.3 | 17.6 89.4 59' 7 (24 2 S77 6.9 (-—12.0-31.2) 
Cl concentration (meq./1.) 
sefore 38.9 (15.8-635.8) 59.7 (13.9-63.6) 1.9 (-19.9-31.0) 
During 41.5 (14.1-65.7 44.2 (13.0-76.7 ) +7.9 (—18.7-25.0) 
After 44,8 (13.5-75.5) 43.9 (20.7-67.5) +7.1 (—22.3-53.3 ) 
IX concentration (meq./1.) 
Before 5.76 (5.1-6.6) 548 (5.0-6.6) 4.4 (-23.8-30.0) 
During 5.383 (4.5-6.0 6.28 (5.6-6.9) +18.3 (6.4-39.2) 
After $28 (4.3-5.6 6.13 (5.2-7.1) 117s (33% 
Rate of Sweating (ml./10 em.2/10 min.) 
Before 0.097 (0.061-0.128) 0.118 (0.083-0.178) +27.9 (-17.9-124.5) 
During 0.115 (0.053-0.196 0.059 (0.027-0,102 ) 45.9 (-67.1-2.0) 
After 0.117 (0.053-0.203 0.097 (0,040-0,192 ) —15.7 (-55.4-11.3) 


: The mean values are shown in italics and the extremes in parentheses. Comparisons 
of values obtained from the same areas before, during, and after arrest of circulation may 
be made from the table. 
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sphygmomanometer cuff quickly inflated to 260 mm. Hg. The circulation in 
both arms was interrupted alternately in 3 subjects. The effects of venous 
occlusion at a pressure of 50 mm. He tor forty-three minutes were observed in 
another subject. 

The composition of the sweat and pattern of sweating obtained prior to 
ischemia were similar to those already described for the forearm. During 
periods of arterial occlusion there was a definitely grester increase of K con- 
centration, the mean value being 0.95 meq. per liter, than for the opposite fore- 
arm. Questionable increases in concentration of Na and Cl were observed. The 
most striking effect of the ischemia was a progressive decrease in the rate of 
sweating, the mean declining to 46 per cent of the control rate, whereas for 
the opposite forearm there was an inerease of 18 per cent (Fig. 7 and Table 


IIT). 


INFLUENCE of ISCHEMIA on THERMAL SWEAT 


Percentage Change of Na, Ci and K Concentrations 
and Rate of Sweating 
(Five Subjects) 


607 
40} 


20} 





Per cent 
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Na Cl K 
-20r 
-40+ 
t 
H,0 
-60+ 
Fig. 7.—Graph showing the percentage change from the control forearm produced in 


concentration of K in thermal sweat and the rate of sweating by arrest of the circulation. 
There was relatively little change in concentration of Na and Cl. 


As indicated by Fig. 8, the effects of ischemia were progressive. After 
longer periods of ischemia, depression of sweating persisted, followed by a 
eradual recovery. The ratios, shown in Table II, involving K and _ those 
involving water were obviously changed by the arterial occlusion. Obstruetion 
to venous return in the one subjeet produced no apparent change in the ecom- 
position or quantity of sweat. 

COMMENT 

These observations indicate that ischemia can alter the activity of the sweat 
glands durine thermal sweating. Reduction in the volume of sweat excreted 
and an inerease in the K concentration were the primary changes. Although 
lifficult to localize, the origin of this increased concentration of K~ probably 
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arises in part from the injured cells of the sweat glands and from extracellular 
fluid containing K released from other cells of the forearm. No obvious altera- 
tion of sweat from the unoceluded forearm during or after the ischemic period 
was noted in these experiments. 
Relation of Sodium and Chloride Intake to Composition of Thermal Sweat. 
Twenty experiments were performed on 6 subjects with a regulated dietary 
intake of sodium and chloride. Results of these observations and the conditions 
of dietary control are shown in Table IV. Three subjects (Subject Nos. 8, 9, 10) 
observed on a moderately low NaC] intake for five days and then for three days 


INFLUENCE of ISCHEMIA on THERMAL SWEAT 


Concentration-— Time Course of Na, Cl and K and 
Time Course of Rate of Sweating 


(Forearms of One Subject ) 
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Fig. &.—Influence of ischemia on the time course of concentration of Na, Cl, and K in sweat 
and on the rate of sweating from the forearms of a representative subject. 


on a high NaCl intake showed no change in the composition of the sweat during 
these two periods. Two subjects (Subject Nos. 22 and 23) were studied on an 
unrestricted intake of NaCl, after rigid salt restriction, and then on a high NaCl 
diet for longer intervals of time. Concentrations of Cl and total amount lost in 
the sweat decreased on the restricted diet and increased with high NaCl intake 
(Table IV). Subject No. 24 was observed during a period of approximately 
one month while on a regular intake of NaCl, after salt restriction, after adminis- 
tration of NH,Cl, and then NaHCO, during continued NaCl restriction (Fig. 9 
and Table IV). The concentrations and total excretion of Na and Cl in the sweat 
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decreased with restriction of NaCl intake and declined further with NH,Cl 
intake but rose slightly with NaHCO, intake. 

Experiments conducted for four consecutive days on Subjeet No. 25 while 
ona constant daily intake of NaCl (10 to 12 Gm.) showed slight to insignificant 
change in composition of the sweat with administration of desoxycorticosterone 


acetate (10 mg.) for two days (Table IV). 


CONCENTRATION-TIME COURSEof Na andCl in THERMAL SIYEAT 
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Fig. 9.—Analysis curves of concentration-time course of Na and Cl from three experi- 
ments performed on Subject No. 24, whose dietary intake of Na and Cl varied. Details are 
shown in Table IV for this subject. It is evident that dietary intake influenced the concen- 
tration-time course chiefly in level of concentration, since the slopes were essentially un- 
changed. 

Comment.—These experiments were conducted over a short period of time 
during little change in climate. It is apparent from these studies that the com- 
position of thermal sweat can be influenced by the dietary intake of Na and C1. 
The change in content of Na and Cl was much more apparent during periods of 
salt restriction than during its administration, an observation to be expeeted in 
a subject with adequate renal function. Changes in the sweat occurred more 
slowly and to a lesser degree than in the urine; sweat glands, however, are able 
to alter the composition of sweat to assist in maintaining homeostasis. As indi- 
cated by Adolph'® and confirmed by these experiments, the pattern of excretion 
i sweat for a given individual tends to remain. constant, at least over a few 




















ze 
pe 
oF 
B 
i, JOBN "Ult) OG cl 
SABP 6 
1IOBN "3 i 
OOHBN pus 
tddig ‘aprys 04 
skep OL Suro A 
sABp OL 
lof [OBN “Ut Oa-El 
L 10F} JOBN 
Be TOBN “uly GL-Ol 
“ OF TOBN “Wt OG Sl 
IOBN “WD CO 
zA 
7 ee 
4, 104 [JUN ult) CT 
je ION “ul emt) 
es 10Of [OBN 
IOVN “WD oar @) 
AVG ? 
IMVLNE AUV.LATC 
oy yt (*4 
WELVaAMG AO ALVY 


é 
‘ 


£o0'U 


col OU 


G6LUU 











SHAUL 


Lis OM 


vS 





lL) 


1dO1IS SLNALI {HOV 


wsunoo 


[, 10 W 


oe 
IH. NOdQ GNV M ANN 





UN 


AWLL 





LSV'Dle 


C 
49 ‘BN 











ysTS) 19 serps) 6th — (¥'99-FL3) PLP 

9'°6-6'S) 69 O1S-S’ Il) SLI 

eT-o'e) LL (a HEP SL) S'6L (1°8z 

r9o-TS) ¥S O'13-S"8) LST (193-86) GGL 
o6LG 




















OF 
L°ct 
JOVN MOT] 





GS-2 





WAIRALO of 
















9°¢ P'E3-6'8) ost \ ) 961 
S ag? “eT-0'6) SGl rT 
—(QL-0'9) WL L6-0'9 “’OT-E'6) 2S 
verso) U6 o'St-1'8) rsh) 18 
@'9-8°S) 69 PLEO FL) T6e OLS 5 
o10'9) £9 ¢ USL) G66 Pet-L Fl) 9 
JOUN Wop] IOUN MOT] ULIVALO of 
Ds 1.) UN 
rT /"OAN ) 
NOLLV ULNA NOV 
{HG ANV SLO lO SWUVANOT GAL WOM ST 
) NOLLVULNAONOQ ALL NOd{) TO aNv ®N 


IM\ 
10 AMV.LN] 


(092'0-EL0°0) FST 0 


(pez'0-aL0'0) 6ETO 


(G8L'O-FL0'0) CLL oO 


6FL’ OF LOO) 


COL O-FLO'O) 


(2140 TOO) 





“OSLO'O 


OSL'O-GLO'O) 





Pou oZL0'0 
























Oc 


Oc 


Oe 


O¢ 








8 /cl 


| 
Ol 


| 
‘1/01 


LL/ol 


6 /Ol 


Go 


Ol 





THERMAL SWEAT OF MAN 7 


1, K, AND Cl CONTENTS OF 


‘ 


N 





UBD S@JA[OUJOV[o BUY 


IOVN “UD GI-OT 
‘oul OT Vod 
‘TORN “UD GI-O1 
‘om OL VO 
‘TOBN “WD CT-OT 
TOBN “WY CI-OT 





IO 

128 “BN “Sut 6T¢ 
‘skup S—OOHtN 
ID 

Sul g0e 








“SOUL C8 ‘BN 


‘Sur oge’y ‘es 
91a ‘sep 6 


Ja 





‘Sm Cccp ‘VN ‘St 09 


ie ) “oul 

CLOT S9G 

. i) 
‘oul FOS 006 





10 
“BN “OUL 00G 
L ye INC “Wty GL-Ol 


“DUI Cc 





yo 


uoIqaI9xa 


EF0'O 


€F0°0 


930°0 








960°0 


Sau'o 






€€0°0 


4€0°0 





4, 
. 





UORNbDD 9G] Wor 

9uUL ‘Sseseyquoird 
8¢ (¢°9-8°S) 
Gc (T'9-€°S) 
19 (8 ‘9-9'°F) 
cg (9°C-8'F) 
9U019]SO09TIION 


918190 V 


Ov 


ey) 


Ls 
£6 





(6'F-S'F) 9 


0°9-9°C) 


(¥°9-0'9) 


— 
_ 
uD 
Ww 


(0°S-3'F) 
( O°s- -G°e) 


G G/ 


‘sedo[s 


SOUIdI} XO 








L 
I 


OOH®N—IO°HN Blnsey- 





pure 


qu IStIOT) 


(F'18-9LF) OSL 
CLOL-8°T 
3'6F-0'03) L’8e 


(0°G9-E'F 


(PLS 


(FTL-S'°0F) O19 





ay} 














re uotRnbe @4) Woda} Pay yen 2) @laM “VD ‘sedojs pue 


SPUBIYJvovd ULL ‘saseyujuared ul UMOYS Bb SoluatIZXe IU) a ut UuMOYUS aie SulyeaMs jo potsod WoRe jo SanypBa uRat ayy Jo SUBAIN 
PO 9FLOO) Exc (EL F0'O°Gal0'0) GHa0'U )-GET0'O) S620'0 (soc o-9aL0'O) Gc (vo) vdoIs 
ive) 
(O8-6F) @¢ (99-0G) 8#¢ O69 UN 
(IS OTR (oL-£¢) O19 (ER-0 S89 S}UdToYypoo,) 
(*,/*beut ) 
"'- Gls) 00°F “< 9& M 
‘)/‘bow ) 


AND BURCH 


(L'so-¢ ¢ CY SOE FE “0G-9°0E) 4°68 " fe) 
‘bow ) 
(@°CO-GO'GF) COs (g'08-F'98) 6°95 t'9G-F'S8t ) EGF ¥, , UN 
ur QT /*tue ‘bs gL /*pe) 
LOL OSLO) SOLU ‘SE O-OFLO) 6 * (gec’oO-Lg lo) C080 (GEC 0-C0G'0) ! SuULpBVaMs JO oyey 


Z 
T. 
4. 


> 
i 


WHVAMOd NAIWOCHY WHUVANOd NAWOCUHY 


kt 


NMOLNIEM NMAWINLLS 


> 
> 


AAV, AHL WON CALVTOTY,) 4g] NV.) SALATOULOAT 
Hib dO NOMLAMOXG, AO ALVA ‘SLOUrHay AIVIX DNOOXK IWNYON SATA MOd SNVATUQ. MAN 
io SALVINIK) WALNIAA ONV SAINI IS DNELIC, DNELVAMS 40 ALVY GNV LVIMG NI M ANV “IO BN 40 GNOLLVULNAINO,) NI SNOLLVENV A OA AAV AL 











— e . Na, K, AND Cl CONTENTS OF THERMAL SWEAT OF MAN 


=I 
Os 


days, and it is rather difficult to produce significant variations in composition 
of sweat. 

Composition of Thermal Sweat Obtained During Summer and Winter with 
Subjects on Regular and High NaCl Intake.—Because of the reported changes 
in the characteristies of thermal sweating in accommodation to elimate, the 
following experiments were conducted on 5 male medical students. The sweat 
from the epigastrium and forearm was studied during summer and winter in 
New Orleans, including observations on the effects of high NaCl intake (10 Gm. 
for a ten-day period) on the composition of sweat during each season. Two 
subjects were unable to participate in the second study during the winter. 


INFLUENCE of CLIMATE ond NoCi INTAKE on THERMAL SWEAT 


Concentration - Time Course of Na, Cl and K and 
Time Course of Rate of Sweating 


(Forearm of One Subject ) 























Sodium 
100 ‘ 
ee eee > A anal ae ae 
50} — 
ae) oes eee renee Cone xi iis , 
s 
s Chloride 
S > 100, 
= NX pet Orna+ 2 Onn= -O-" meer 
$3 so} Cate * 
® & o — . 
eve 
. = : 
10 Potassium 
St f~ bo rere” 
a ° ~o---- 
ie) 
a Rate of Sweating 
iS 0.3; 
= g ; a Regular Diet #———e 
: g a ™ With NaC! o-------0 
0.2+ p L 
70) *k if 0-7-7 O""--0- 2 + O. 
~ “ 
) XN O.lF P, ad } mene é .«-—e 
2g o gpren 
S éo é 
< fe) mae j , 











20 30 40 £50 60 70 80 20 30 40 50 60 70 
Minutes 
Summer Winter 
Fig. 10.—Curves of time course of concentration of Na, Cl, and K in sweat and of the 


rate of sweating obtained from the same individual in summer and winter while on a regular 
ind a high NaCl intake. 


| The mean summer (August) climate for New Orleans for the approximate 
month during the studies was 87.1° F. (30.6° C.), extremes being 71° to 99° F. 
ir 21.7° to 37.2° C., 90 per cent relative humidity, and the mean winter (Janu- 
iry) temperature was 62.8° F. (17.2° C.), extremes being 35° to 82° F., or 
|.7° to 27.8° C., and 87 per cent relative humidity. Although the winter was 
onsidered to be mild, the summer was exceptionally hot. 
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The composition and rate of sweating during the summer and winter were 
found to be within the range reported for other subjects during different times 
of the vear (Table V). The concentrations of Na and Cl were definitely higher 
during the winter in 3 subjects, slightly higher in 1, and lower in 1 subject, 
whereas the concentrations of K for all subjects were higher during the winter. 
Rates of sweating were greater during the summer in all subjects. The data 
obtained for the 5 subjects studied on a high NaCl diet during the summer and 
winter showed a tendeney for a greater inerease in concentrations of Na and Cl 
in the sweat in the summer than in the winter (Fig. 10 
A mathematical analysis (type shown in Figs. 5 and 9) of the curves of the 
concentration-time course of Na and Cl for all subjects showed the means of 
the coefficients for the curves obtained for the abdomen to be higher than for 
the forearm, higher for both sites during the winter than during the summer, 
and higher after an increase in NaCl intake for both seasons (Table V 
Although the levels of concentration thictuated according to the season and diet, 
the slopes representing the rate of change of the curves of concentration-time 
course were not greatly altered. A trend toward a decrease in magnitude of 
the negative slope was observed for the studies on the high NaCl intake. 
Comment.—Differences in the results of the inthuence of acclimatization to 
hot and humid environments have precluded unanimity of opinion coneerning 
the effects of climate on sweating.” Although the composition of sweat varies 
little for a given individual over a period of a few days, fluctuations oceur with 
acclimatization. Acelimatization to heat is usually associated with a decrease | 
in the Cl concentration and an increase in the volume of sweat, either as a result 
of increased activity of a greater number of glands or increase in the functional 
eapacity of the individual glands. Although the results of these observations 
were not uniform, such changes were evident in 4 of these subjects. Although 
the number of subjects studied was small, the results would seem to suggest also 


a decrease in concentrations ot K durine the summer. 


The mechanism by which these changes occur is unknown. [Tt has been 
suggested by some that the reduction of the Cl concentration is related to the 
development of a salt deficit produced by loss in the sweat,’* ’° whereas others 


consider adrenal cortical hormones the responsible faetor.°?* These studies 
do not reveal a mechanism for the influence of acclimatization on composition 
ot sweat, but the reduction in electrolyte Composition of sweat produced in hot 
and humid environments is probably concerned with conservation of these 
elements. The decrease in concentration may not be sufficient to compensate for 
the inerease in the volume of sweat produced, so that the total electrolyte loss 


may actually inerease considerably in the summer. 


DISCUSSION 


In comparison of the rates of sweating and chemical constitution of sweat, 
consideration must be given to the method by which sweating is induced as well 
as the area of skin studied, dietary intake of the constituents of the sweat, ac- 
climatization, previous activity of the sweat glands, state of the circulation, and 
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other factors. Careful control of the variables in a study ef sweat and sweating 
is as Important as for any other biologie fluid or process. Careful considerations 
must be given to possible errors due to variations whenever measurement of a 
single sample is being evaluated, whether it is for experimental or elinieal 
purposes. 

The stimulus to induce thermal sweating must be adequate. Previous 
studies’: 7° have shown that in resting man there is a relatively constant and 
small loss of water from the surface of the skin as the environmental temperature 
is increased up to a critical level of about 32° to 34° C., above which a severe 
and rapid loss of water from sweating oceurs. With muscular activity, profuse 
sweating will occur at an even lower environmental temperature. 

When sweating is induced thermally, not only must the level of the tempera- 
ture and humidity of the environment receive consideration but so must the 
duration of exposure of the subject to the environment. There is a need to 
study more closely the relation of the intensity and duration of the stimulus 
of thermal sweating to the rate of sweating and the chemical composition of the 
sweat. 

In these experiments the method of sampling was associated with an error 
due to a loss caused by ‘‘ wetting’’ during the collection of the first sample. It 
is well to note that if the concentration of the ingredients of the sweat was con- 
stant, then no error from the ‘‘wetting’’ phenomenon occurred. However, the 
concentrations of the electrolytes were not constant and an error therefore ex- 
isted. It was largest during periods when concentration varied most (first few 
minutes). Estimations of total quantities of each element studied were in error 
and varied directly with the errors in measurement of total volume of sweat as 
well as the coneentration of the respective elements. However, after the first 
sample was collected, the error declined to apparently negligible levels. After 
the initial collection, each sueeeeding collection had a portion noncolleetible 
from previous periods contaminating it. This contamination was most likely 
small, and it decreased in signifieanee with the larger volumes collected. The 
accuracy of the curve of the concentration-time course would necessarily depend 
upon elimination of these difficulties. Accuracy could be improved by collection 
of sweat directly from the orifice of the glands immediately upon secretion. 

The mechanism by which sweat is formed and regulated in volume and 
content is unknown. Studies with isotopes have indicated the rapidity with 
which certain electrolytes can appear in sweat from serum,*” *' and the quantity 
of the substances excreted by the sweat glands obviously indicates that sweat 
largely arises from serum. Since the concentrations of Na, K, and Cl differed 
from those of the serum, work was performed by the sweat glands in order to 
produce the sweat. Work was done to increase the concentration of K in sweat 
over that in plasma and to decrease that of Na and Cl in sweat below that in 
serum. The energy for this work must have originated primarily from metabolic 
processes located within the sweat glands themselves. Under the influence of 
ischemia, an abnormal circumstance, there was a rapid reduction of the total 
amount of work performed and interference With sweat formation. During 
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acclimatization to heat, a normal adaptation, sweating became more profuse, 
and the sweat glands were capable of producing more work. 

In histophysiologie studies,?? it has been suggested that the myoepithelial 
elements contract in volume during the early period of sweating. The decrease 
in size is presumably due to the loss of intracellular fluid. These data are in 
accord with the idea that the earlier period of sweating may reflect more closely 
the intracellular chemical composition of the sweat glands. Since the curve of 
concentration of K begins at a higher level and decreases to approach a lower and 
constant level, it is suggested that the fluid excreted initially may contain more 
intracellular material than sweat produced at a later period. The later segments 
of the curves of the concentration-time course approach more nearly the c¢om- 
position of extracellular fluid and vet involve a greater total amount of work 
performed by the sweat glands upon interstitial fluid. 

Individual, sexual, and anatomic qualitative and quantitative differences 
of volume and composition of sweat were noted. Hormonal and chemical in- 
fluences mediated by disease or by artificial means, as well as environmental 
heat and humidity through acelimatization, also influence sweating proe- 
esses.7 1% 25225 Beeause many factors, including those whieh have been ob- 
served in this study, produce variations which might be encountered under 
ordinary circumstances, and because of the changes which occur from one 
moment to the next during sweating and the wide range among even normal 
people, it is necessary to standardize methods and conditions carefully for 


purposes of comparison and interpretation. 


SUMMARY 


A study of the content of Na, Cl, WK, and water of thermally-induced sweat 
was made on 31 individuals. The concentration-time course of these substances 
and the physiologie variations which might be encountered were presented. The 
concentrations of K began at a higher level and decreased with progressive 
sweating, remaining isotonic to slightly hypertonie to serum. The concentra- 
tions of Na and Cl] began at lower levels and increased with sweating but re- 
mained hypotonic to serum. The early period of sweating seemed to reflect more 
of intracellular chemistry than sweat of the later period. The formation of 
sweat against concentration gradients involves work, the energy for which is 
probably derived from local metabolic activity of the cells of the sweat glands. 

Factors which influence the composition of sweat, such as the anatomie site 
and duration of sweating, ischemia, diet and acclimatization, were studied. The 
problems which arise in this method of collection of sweat were discussed. These 
experiments emphasize the need for additional studies to elucidate further the 
problems of the formation of thermal sweat and the standardization of conditions 
for the induction of sweating and collection of sweat. These factors should be 
considered before interpretation is applied to elinical and experimental data of 
sweat. 
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A STUDY OF THE URINARY pl RESPONSE TO HEMOGLOBIN AND 
ITS MODIFICATION BY AN ANTIADRENERGIC DRUG (REGITINE) 
AND BY CHANGES IN THE SERUM SODIUM LEVEL 
J. U. ScHLEGEL, M.D., J. J. Beruemt, Pu.D., anp A. L. Buocu, B.A. 
RocHESTER, NEW YORK 


UMEROUS studies dealing with the effect of homologous hemoglobin on 

kidney function indicate that under normal physiological conditions, huge 
amounts of hemoglobin can be injected intravenously without ill effects.* If 
additional factors such as shock, acidosis, or previously damaged kidneys are 
present, acute renal failure may result.” © 

The cause of acute renal failure which often accompanies crush injuries, 
incompatible blood transfusions, burns, and related conditions has long been 
under diseussion. Amone the etiological factors which have been suggested are 
renal ischemia, cast formation, a specific nephrotoxic material, or a combination 
of two or more of these factors. Oliver® has recently shown that renal ischemia 
alone may adequately explain this svndrome. Whether or not primary forma- 
tion of hemoglobin casts is a signifieant factor in the development of renal 
dysfunction is controversial. According to Melohn and ¢o-workers,* preeipita- 
tion of hemoglobin in urine depends, among other thines, upon the urinary pH 
and the concentration of electrolytes. It has been shown earlier that hemo- 
globin when administered intravenously to rabbits will cause a significant in- 
crease in the pH of the urine.” Such an effect is also observed after the admin- 
istration of adrenaline and noradrenaline. 

In the present study an attempt was made to prevent the typieal alkaliniza- 
tion of the urine which follows a hemoglobin injection. In order to obtain a 
more complete picture of the urinary changes, electrolyte and hemoglobin levels 
in urine were determined. 

METHOD 

Young male rabbits averaging five to seven pounds in weight and fed a mixed diet con 
sisting of oats and pellets (Purina Rabbit Chow Checkers E) were used in this study. The 
experimental procedure was the following. Amytal (Lilly) was given intramuscularly at 
a level of 50 mg. per kilogram of body weight. Blood urea nitrogen, and in some eases 
plasma sodium, were determined prior to the experimental procedure. The animal was re 
strained and a polyethylene tube was inserted in either the jugular vein or an ear vein. 
An indwelling catheter was placed in the bladder and connected to an apparatus which con- 
tinuously recorded urinary pH and output.1° The experiments were generally continued for 
eight hours. In addition to the continuous recording of pl, urinary sodium, potassium, 


chloride, sulfate and phosphate were determined prior to and following the administration of 
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hemoglobin, The rabbits were kept in metabolism cages for two days prior to and for 
five days after the day of the experiment. Blood urea nitrogen, urinary output, and urinary 
electrolytes were determined daily during the entire period, 

Hemoglobin solutions were prepared from lysed rabbit blood by a modification of a 
method deseribed by Cannon and Redish.1! The solutions were made isotonic by dialysis 
against an 0.9 per cent sodium chloride solution for forty eight hours. The hemoglobin was 
administered at a dosage of 100 me. per kilogra n of DOU weight. In most eases the rabbits 
had an alkaline urine initially. After several hours the pH of the urine spontaneously fell. 
In all instances, adrenaline or hemoglobin was administered only after the urine became acid. 

The adrenaline used was Suprarenin bitartrate* and the antiadrenergic substance em 
ploved was Regitinet (2-[ (m-hvdroxy-N-p-tolylanilino)-methyl]-2-imidazoline). 


Sodium and potassium were determined using the Beckman Model DU spectrophotomete) 


with a tlame photometer attachment. Chlorides were determined according to the method 
described by Sendroy and modified by Van Slyke and Hiller. Phosphates were determined 
using the method of Fiske and Subbarow. Sulfate determinations were carried out with 


Fiske’s modification of the method described VN Rosenheim and Drummond.14 Hemoglobin 


in urine was determined by a benzidine method. 
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Fig. 1.—The effect of the intravenous administration of hemoglobin, Regitine, and of 
both on blood pressure. A, B, and C are typical responses and were obtained with different 
animals, 


RESULTS 


As has been deseribed previously,” the intravenous administration of hemo- 
globin, adrenaline, and noradrenaline resulted in an immediate rise in the 
urinary pH of rabbits. To learn whether the urinary pH change which followed 
hemoglobin administration was of adrenergic origin, preliminary experiments 
were carried out to determine the effeet of hemoglobin on blood pressure. ILemo- 
globin was administered to four rabbits at a dosage of 100 me. per kilogram of 
hody weight. All four animals exhibited an increase in blood pressure of from 
20 to 40 mm. Hg. A typical response is shown in Fig. 1, A. This increase was 
maintained for several hours and coineided with the increase in the pH of the 
urine. The question arose whether or not this pH] change was beneficial to the 
kidney. Henee a method of forestalling this change was considered. This was 
ichieved by administration of the antiadrenerg@ie substance, Revitine. Reei- 


ine alone, when administered intravenously, causes a drop in blood pressure as 


llustrated in Fie. 1, B. Regitine given in proper dosage together with hemo- 


*Supplied through the courtesy of Winthrop-Stearns, Ine., 1450 Broadway, New York 
ms X. 


+Supplied through the courtesy of Ciba Pharmaceutical Products, Inc., Summit, N. J. 
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globin prevented the inerease in blood pressure, and in addition prevented the 
increase in the pH of the urine which ordinarily follows hemoglobin administra- 
tion. The proper dosage of Regitine, which was determined as that amount 
necessary to counteract the pressor effect of 100 mg. per kilogram of hemo- 
globin, was found to be approximately 0.4 mg. per kilogram of body weight. 
(Fig. 1, C.) 

This method of preventing the normal pH reaction which follows hemo- 
globin administration was utilized in the following experiments. Two groups 
of rabbits were set up. In the first, hemoglobin was administered to five rabbits. 
In the seeond, eight rabbits were used and hemoglobin was administered to- 
gether with Regitine in the dosages stated above. The results are shown in 
Table I. It can be seen from part A of the table that in all five animals to 
whom hemoglobin alone had been administered a consistent increase in the pH 
of the urine was observed. This is in agreement with previous data.” The 
duration of the increase was at least two hours. Microscopie examination of the 
urine revealed an absence of casts. None of these animals showed an increase 
in blood urea nitrogen for the following five days. 

In comparison it can be seen from Table I, B that in the group which re- 
ceived hemoglobin and Regitine, six rabbits had none or a slight increase in 
pH, while only two had a normal pH reaction. The mean increase in urinary 
pH after hemoglobin administration was calculated, and found to be 1.04 + 
1.07.* This ineluded earlier data.” The combined administration of hemoglobin 
and Regitine resulted in a mean increase in the pH of the urine of 0.33 + 1.09. 
Thus it appears that there is a statistically significant difference between the 
two groups. In addition it can be seen from Table I, B that in all animals 
except numbers nine and ten, casts were found in the urine, and blood urea 
nitrogen was elevated for one or more days following the experimental proce- 
dure. In all cases blood urea nitrogen was normal or was returnine to normal 
on the fifth day of the experiment. 

Electrolyte studies were done in all of these cases. It ean be seen from 
Table I that there was no consistent pattern of electrolyte exeretion whieh eould 
be related to the experimental procedure. However, the animals of Group B 
receiving hemoglobin and Regtiine exhibited a higher average exeretion of 
hemoglobin than did the animals of Group A, receiving hemoglobin alone. 

From the data it was clear that the prevention of the rise in urinary pH 
could lead to precipitation of hemoglobin with subsequent east formation and 
a rise in blood urea nitrogen. It was of interest to determine whether this 
could be achieved by means other than a simultaneous administration of an 
antiadrenergic substance. This lack of reaction to adrenaline or hemoglobin 
was found to oceur in rabbits in which the serum sodium had been lowered 
artificially. The serum sodium level was determined in twelve normal rabbits. 


and the mean found to be 145.8 + 1.7+ milliequivalents per liter. Three of 
*Standard deviation t vy 3S (x)? 3 Lay 
n n 
x Observation 
= Sum 
n Number of observations 


+Standard deviation. 
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these were infused with 100 ml. of 5 per cent dextrose over a three- to five-hour 
period. This resulted in a marked lowering of the serum sodium level to 
approximately 130 milliequivalents per liter. When adrenaline (10 micrograms 
per kilogram) was then administered, no urinary pH increase was observed. 
Restoration of the serum sodium level to normal values was then achieved by 
the injection of 15 ml. of 5 per cent sodium chloride. When the administration 
of adrenaline was then repeated a significant increase in pH resulted. This 
sequence of events, obtained with several animals, is illustrated for a single 
animal in Fig. 2. The data indicated that the normal urinary pH response to 
adrenaline was lacking when the serum sodium was low. 


pH 
7+ 





Adrenal ne(iox)—> 
S2NaCL— 
Adrenaline (ios) > 
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15 30 45 60 75 90 105 120 135 
MINUTES 
Fig. 2.—The effect of adrenaline administration on urinary pH before and after the ad- 


ministration of 5 per cent NaCl in water. The initial low serum sodium level of this animal 
Was artificially produced by the infusion of 5 per cent glucose in water. 








It was decided to investigate whether a lowered serum sodium level in 
rabbits would also result in a lack of response to the intravenous injection of 
hemoglobin. This was found to be true. By reference to Table II, it can be 
seen that in three rabbits where the plasma sodium was lowered by 10 to 15 
milliequivalents per liter, the administration of the hemoglobin resulted in the 
formation of numerous casts and in no significant change in the pH of the 
urine. 

DISCUSSION 

The data indicate that in rabbits intravenously administered homologous 
lemoglobin causes a reaction which is characterized by an increase in blood 
ressure and an increase in the pH of the urine. This appears to prevent the 
precipitation of hemoglobin in the renal tubules if the concentration of hemo- 


“lobin is not too high. Thus east formation and renal dystunction characterized 
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TABLE Il. THE EFFECT OF HEMOGLOBIN ON URINARY PH IN RABBITS WITH ARTIFICIALLY 
Low SERUM Sopium LEVELS 


SERUM SODIUM SERUM SODIUM pu MAXIMUM 
RABBIT BEFORE EXPERI BEFORE HEMO pu AFTER HEMO 
NO. MENT MEQ./L. GLOBIN MEQ./L. CHANGE GLOBIN | CASTS 
1 150 133 +02 5.8 
s 145 131 +05 5.0 + 
3s 123 +02 5.0 


by an increase in blood urea nitrogen can be prevented. The pH increase ap- 
pears to be adrenergic in origin, since it can be prevented by the administration 
of Regitine in a dosage sufficient to prevent the blood pressure increase due to 
hemoglobin. The blocking of this adrenergic effect results in cast formation 
and in inerease in blood urea nitrogen for from one to several days following 
the injection of hemoglobin. 

The urinary pH rise was found to follow the administration of adrenaline 
as well as hemoglobin. Lowering the level of serum sodium results in nullifiea- 
tion of the normal pH rise whieh follows the administration of hemoglobin or 
adrenaline. It may therefore be concluded that the normal pH rise requires 
an adequate level of serum sodium and in addition an adequate adrenergic 
tonus. 

Recent studies'® have shown that adrenaline has a similar effect on urinary 
pH in human beings. Sinee most cases of hemoglobinemia are accompanied by 
some degree of stress, it seems reasonable to assume that there will be a con- 
comitant increase in adrenaline production. 

It is suggested that when hemoglobinemia and hemoglobinuria are accom- 
panied by a low serum sodium level, the normal increase in pH which should 
follow the stress reaction will be absent. Since hemoglobin is less soluble at a 
lower pH, this may result in east formation and subsequent renal dysfunction 
(as indicated by a rise in blood urea nitrogen). This study suggests that in 
situations where hemolysis may be encountered, hyponatremia may be unde- 
sirable. 

SUMMARY 


The effects on urinary pH of hemoglobin, and of hemoglobin together with 
an antiadrenergiec drug (Regitine), were studied. Water and electrolyte ex- 
cretion were also investigated. 

It was confirmed that the administration of hemoglobin resulted in a rise 
in urinary pH. 

This rise could be prevented by the concurrent administration of Regitine. 
Xegitine also prevented the blood pressure rise which followed the injection of 
iemoglobin. 

When the normal urinary pH response to hemoglobin was prevented, cast 
ormation resulted. This was accompanied by an increase in blood urea nitrogen. 

When adrenaline or hemoglobin was administered to an animal with an 
rtificially lowered serum sodium level, no urinary pH response was observed. 
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These observations suggest that the serum sodium level and sodium = ex- 


eretion may be of significance in maintaining renal function, if hemoglobinuria 
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KERECT OF SOME SERUMS ON TITER OF Ru ANTIBODIES. 
A METHOD FOR DETECTION OF Rh SENSITIZATION 
Kure P. Leroy, M.D., AaNp Witma Spurrier, M.T. 
CHIcaGco, ILhL. 


INTRODUCTION 


Hk sensitivity of tests for detection of isoimmunization caused by Rh or 

other blood group agglutinogens has increased progressively since Levine 
and Stetson'™ '” and Wiener and Peters? pointed to the role of isoimmuniza- 
tion in fetal erythroblastosis and in transfusion accidents. The techniques 
can be listed chronologically and in inereasing order of sensitivity as follows: 
(1) the blocking test of Wiener,’ (2) use of protein and other macromolecular 
substances as diluents and as vehicle for cell suspensions instead of saline :*" 
>) the antiglobulin test ;’ (4) enzyme treatment of red cells used as indiea- 
tor.” Today eases of Rh sensitization, in which Rh antibodies are not detecta- 
ble by any of these techniques, are extremely rare. 

Recently, we observed a newborn intant with fetal erythroblastosis caused 
by Rh sensitization in whose mother, prior to delivery, no Rh antibodies were 
detected by any of the techniques mentioned. The antibodies became demon- 
strable after delivery. 

On reviewing previous records we observed, also, a few cases where no Rh 
antibodies were demonstrable in the women’s serum, even during the post- 
partum period, yet mild symptoms of fetal erythroblastosis appeared in their 
infants. This could not be explained by other conditions known to cause simi- 
lar ¢linieal syndromes.” !" 

Hence, one may suspect that in some instances antibodies are present, 
but are so weak that they cannot cause clumping of indicator cells in any of 
the techniques available today. We decided to investigate whether serums in 
which presence of such weak antibodies was suspected would affect the titer 
ff serums known to contain Rh antibodies. 


MATERIALS AND METHODS 


Serums from seven pregnant women and from one mother four months post partum were 
‘leeted, as detailed in Table I, All women were Rh-negative, and their husbands Rh-positive. 
our of the eases were from heterospecific pregnancies (Table I, Cases 2, 5, 6, and 7); the 
‘maining four from homospecifie pregnancies. Most of the serums were kept at 4° C. for 
riods varying from one to fifteen days; a few had been kept frozen for periods not exceed 
¢ nine months. All eight serums had been tested previously for the presence of Rh anti 
dies: they contained neither saline nor serum albumin Rh antibodies. Six of the serums 


ve negative results also with enzyme-treated red cells according to the technique of Kuhns 
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and Bailey.11. The remaining two had a low titer (1:1) demonstrable by that method. No 
antibodies were detectable by the indirect antiglobulin (Coombs’) technique in any of the 
eight specimens. In addition, the possibility of sensitization of the women by some rare 
agglutinogen in the husband’s red cells was ruled out in six of the eight cases, because the 
husband’s cells were also used as indieator cells. In order to do this, it was necessary to 
neutralize the isoantibodies of four of the six serums by soluble group-specific substance, Each 
one of them was mixed with equal parts of A and B substance and left at room temperature 
for thirty minutes. After that treatment, none of them contained any residual anti-A and 


anti-B antibodies.12 and hence could be tested with the husband ’s red cells as indicator. 


TABLE [. LABORATORY AND OBSTETRICAL DATA ON PATIENTS 


TECHNIQUE OF TESTS AND TITER OF 


SERUM NO, TIME OF at i 
AND | PREGNANCY Kh ANTLBODIES " 
PATIENT ’S HUSBAND’S WHEN BLOOD SERUM INDIRECT ENZYME 
BLOOD TYPE BLOOD TYPE OBTAINED SALINE ALBUMIN COOMBS’ TECHNIQUE 
7th month Blocking 
Neg.” 
0) 0 Neg. 1:14 
‘ a > Jeo 
1 O Rh,Rh, | 2 days P.P.t 0 0 Neg. 0 
O rh (cde) (CDE) cord blood 0 0 Neg. 0 
2 B Rh, 5th month Blocking 
Neg. 
O rh (ede) (CDe) 0 0 Neg. 0. 
3 O Rh,Rh, Sth month 0 0 Neg. 1:14 
O rh (ede)! (CDE) 3 months 0 0 1:5+VvWw 
gia 34 
1:5+vw 
4 O Rh, Sth month 0 0 Neg. 0 
B rh (ede) (cDe) - 
5 B Rh, 9th month 0 0 Neg. 0 
O rh (ede) (eDE) : 
6 A Rh 4 months 0 0 Neg. 0 
O rh (ede) (CDe) ig 
7 A Rh, Sth month 0 0 Neg. 0 
B rh (ede) (CDe) 9th month 0 0 Neg. 0 
8 O Rh, Sth month Blocking- 
AB rh (ede)) (CDe) 1 day P-P. Neg. 
0 a) Neg. 0 
0 1 32564 Pos. 1:512 





*The test for blocking Rh antibodies was done according to the technique of Wiener? 
gt oe Post partum. 


The method of studying the eight selected serums consisted of setting up titrations of 
other serums known to contain Rh antibodies; each titration was carried out in parallel sets 
with the following different diluents: (a) the eight seleeted serums without demonstrable Rh 
antibodies, (b) normal pooled human AB serum, and (¢) other control serums as detailed be- 
low. All serums had been inactivated at 56° C. for thirty minutes. Serial twofold dilutions 
of the serum containing Rh antibodies were made, avoiding carry-over of a higher concentra- 
tion of serum to the tube of next lower dilution.* To 0.1 ml. of each serum dilution, 0.1 ml. 
of a 2 per cent suspension of pooled O Rh-positive cells in AB serum was added. For control 
purposes, the indicator cells were suspended in saline or in 30 per cent bovine albumin in sev- 
eral experiments. The test tubes were incubated at 37° C. for two hours. In some instances 
overnight incubation was also done. The titrations were read grossly and microscopically. 
The titer was the highest dilution of serum giving microscopic clumping of cells: As control, 


test tubes containing 0.1 ml. of each selected serum undiluted and 0.1 ml. of a 2 per cent sus- 


*This was done according to the procedure outlined in the Minimum Requirements of 
the Federal Security Agency, National Institutes of Health, for anti-Rh typing serums (May, 
1949), Bethesda, Md. 











Serene 











ee 





oe Y EFFECT OF SOME SERUMS ON TITER OF RH ANTIBODIES 87 
imber 


pension of pooled O Rh-positive cells in AB serum were incubated at the same temperature 
and for the same length of time. 
In addition to tests with pooled AB serum as control diluent, tests were set up with 34 


serums belonging to the following four groups: 


1, Fourteen serums from pregnancies without Rh incompatibility. One of these 
patients was an Rh-negative multipara whose husband was Rh-negative. The 
others were Rh-positive wives of Rh-positive husbands. 

2. Seven serums from Rh-negative pregnant women. One was in the third month 
of her second pregnancy, two were primiparas in the fifth month of pregnancy ; 
the husbands were Rh-positive. Four were multiparas whose children were liv 
ing and had no history of neonatal jaundice or anemia. The blood types of the 
husbands were not known. All seven serums had been previously found to be 
free of Rh antibodies with the regular methods. 

+. Ten serums from patients with pathologic conditions of pregnancy, Some of 
these conditions may produce a clinical picture resembling fetal erythroblastosis 
in the infant:9. 1° six patients had toxemia of pregnaney ; three were suffering 
from diabetes mellitus; the remaining case was a twin pregnancy complicated 
by polyhydramnios. 

t. Three serums containing various immune isoantibodies other than Rh antibodies. 
Two of these serums were from healthy young men belonging to blood group A 
Rh, and B Rh,, respectively. They had received injections of group specific sub 
stance in order to increase their titer of isoantibodies A and B, respectively. 
Another serum was from a woman who had been immunized to the hr’ (e) ag 

glutinogen by pregnaney and three transfusions. In this instance, the indicator 

cells used were O Rh,Rh, hr’ negative (CDE/C e). 


RESULTS 

The results are given in Fig. 1.) Only a few of the serum controls are 
included for comparison, since all of them gave similar results. When con- 
trol serums and pooled AB serum were used as diluent in parallel titrations 
of a serum containing Rh antibodies, the titers obtained were identical. On 
the other hand, when the diluent was any one of the eight selected serums in 
Table I, there was an increase in titer over that obtained with pooled AB 
serum or with other control serums. The increase varied from two- to eight- 
fold (one to three tubes difference), depending on the diluent serum. The en- 
haneing effeet did not depend on the anti-Rh serum titrated or on the medium 


TABLE II. SUPPRESSION OF THE ENHANCING EFFECT OF THE SERUMS AFTER ABSORPTION 
WITH O Rh-POSITIVE CELLS 


AB | Fi 2" a” }* 
= = a +. a F < -: a S 
4Z oS 4. i 4 a yA x Z. x 
- < ~ < ~_ < ~ < a < 
Titer 64 64 256 64 Sie 64 256 64 128 64 
Increaset : 2 0) 3 0 2 0 l 0 


*These numbers represent the same selected serums as listed in Table I. 
yAbsorption with pooled O Rh-positive cells was done at 37° C. for two hours. 
{Difference in tubes between titers obtained with AB serum and test serum. 


*These serum specimens were obtained through the courtesy of the Obstetrical Staff 
Mount Sinai Hospital. 
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in which the indicator cells were suspended. It was still evident after over- 
night incubation of the test tubes. The magnitude of the increase in titer was 
also unchanged when the indicator cells had been treated with papain, except 
for the two serums which had previously shown a titer of 1:1 by the enzyme 
technique (Table I, Cases 1 and 3). For obvious reasons, these serums could 
not be used as diluent in the enzyme technique. There was neither clumping 
of pooled QO Rh-negative cells, nor Rh-positive cells, when the selected serums 


were used in combination with serums free of Rh antibodies. 


FIGURE | 
ENHANCING EFFECT OF CERTAIN DILUENT SERUMS 
r ON TITER OF Rh ANTIBODIES 
Ds 
2048+ 
1(O24+ 
A; A2 
D Dc 














AB serum was used as diluent; these serums were from rh cde) women 
immunized to the Rh agglutinogen by pregnancies. 


i The black columns A,,A2,B3, etc. indicate the increased titer when 
serums |-8 (see table!) were the diluents. 


7 The blank columns indicate titer of Rh antibodies in serums A.B,C,D when 


Ac,Bc,Cc,Dc indicate the titer when the following serums were used as 
E diluent: Ac was serum from 23 year old male of blood Sroup A Rh, (De) 
immunized with group specific soluble substance; 
Bc was from 25 year old primipara of blood group O rh (cde), 
she was in 5th month of pregnancy; 
Cc was from 37 year old multipara of blood group O rh (cde); 
the husband is Orh (cde). 
Dc was froma 34 year old multipara of blood Sroup O Rho (cDe). 


Since all eight serums increased the titer of Rh antibodies, the enhancing 
factor may be an antibody to an Rh agglutinogen. In order to corroborate 
this, the ‘‘enhancing’’ serums were used as diluent before and after absorption 
with pooled O Rh-positive and O Rh-negative cells. The absorption was ear- 
ried out at 37° C. for thirty minutes, or for two hours. The results, as given in 
Table il, indicate that the enhancing factor is actually Rh antibody, beeause 
it disappeared after absorption of the serums with pooled O Rh-positive cells 
but not with pooled O Rh-negative cells. 
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DISCUSSION 


Six of the selected serums did not contain any Rh antibodies demonstra- 
ble even by the most sensitive methods available today. Ilowever, if those 
serums were used as diluent in titrating known anti-Rh serums, titers higher 
than those obtained with pooled AB serums and other control serums as dilu- 
ent were observed. The two remaining serums contained low titer of Rh anti- 
bodies demonstrable only with enzyme-treated cells. Nevertheless, they en- 
hanced the titer of anti-Rh serums tested with untreated cells. The enhane- 
ing effect of the eight selected serums may be nonspecific, since variations in 
enhancing property of various sertins over saline as diluent were noted by 
previous investigators.’ |! Tlowever, the results of the absorption experi- 
ments and the failure of one of the selected serums to enhance the titer of im- 
mune anti-A and anti-B agglutinins indieate that the enhancing factor demon- 
strated in the eight serums is specific for Rh antibodies. This factor is ap- 
parently not identical with the heat-stable fraction studied recently by Gorrill 
and Hobson.'’ because in our experiments the enhancing effeet was abolished 
by absorption with unsensitized pooled O Rh-positive cells, whereas such cells 
did not absorb the fraction tested by Gorrill and Hobson. Mixtures of two dit- 
ferent serums, both containing Rh antibodies, have been studied recently by 
Krieger and Williams!® in order to differentiate incomplete agglutinating Rh 
antibodies (*‘elutinins’’) from true ‘‘blocking’’ Rh antibodies. Decrease in 
the titer, rather than an increase, was observed when ‘‘bloecking’’ antibodies 
were present. 

The enhancing effect in our experiments is probably caused by the pres- 
ence in the eight serums of Rh antibodies, which are in such low titer that 
they cannot ¢lump the indicator cells in the other techniques. This conelu- 
sion is based on the following data: 

1. All eight ‘‘enhaneing’’ serums were from Rh-negative women whose 


husband and children were Rh-positive. 


2. One of the women (Table I, Case 8) delivered an infant with fetal 
erythroblastosis; her serum, six weeks prior to delivery, gave an eight- 
fold enhancing effect; Rh antibodies became demonstrable by the usual 
methods in the postpartum specimen (Table IIL). Two of the remain- 
ing serums with enhaneine property had low titers of Rh antibodies 
demonstrable only by the enzyme technique. 

TABLE ILI, Titer oF Rh ANTIBODIES IN SERUM NO. 8 
TECHNIQUES USED AND TITER RECORDED 
ENHANCING 

DATE SERUM SERUM ENZYME INDIRECT rh ANTIBODY 

OBTAINED SALINE ALBUMIN TECHNIC COOMBS’ TITER} 
11/3/52 0 0 0 Neg. 3 tube 
‘6 days before delivery 
11/20/52 0 1:256 1:5124 Pos. t 


One day after delivery 

Same serum as numbered in Table LI. 

‘This technique could not be used because antibodies were demonstrable by the usual 
procedures, 


tThis is the difference in titers obtained with pooled AB serum and serum No. 8 as 
liluent. 
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3. The magnitude of the enhancing effect increased, at least in one case 
(Table I, Case 7), as the pregnaney advanced. 

4. Serums containing other immune antibodies had no effect on the titer 
of Rh antibodies when they were used as diluent, and one of the ‘*en- 
hancing’’ serums (Table I, Case 8) so tested had no effect on titers of 
immune anti-A and anti-B isoantibodies. 

The technique described in this report permits in some cases to detect Rh 
antibodies before they become demonstrable by other techniques. Tlence, if 
seems to be a more sensitive test for Rh sensitization. Since in this procedure 
the effect of a serum on the titer of Rh antibodies is determined by using it as 
diluent, the concentration of the latter increases progressively, whereas the 
concentration of the serum with demonstrable Rh antibodies decreases in the 
same proportion. Thus, it may be called an *‘inverse titration.’’ This report 
is presented because the technique as outlined makes it possible to detect iso- 
sensitization in occasional cases in which Rh antibodies are not demonstrable 
by present methods, and in some instances it may detect Rh antibodies earlier 
than would be possible with other methods available. 


SUMMARY 


Serums from eight Rh-negative women in whom sensitization to Rh agglu- 
tinogen by pregnaney was suspected were tested for an enhancing effeet on 
the titer of Rh antibodies. Although they contained no Rh antibodies detecta- 
ble by the conventional techniques, they caused an increase in titer when they 
were used as diluent in the titration of known anti-Rh serums. This effect 
was abolished by absorption with O Rh-positive cells, but not with O Rh-nega- 
tive cells. Thus, it appears to be caused by the presence of Rh antibodies in 
the serums. Evidence was presented suggesting that this specific enhancement 
of Rh antibodies is a more sensitive test for Rh sensitization than the tech- 
niques available to date. 


We are indebted to Dr. Israel Davidsohn and Dr. Kurt Stern for their suggestions and 
comments while this report was in preparation. 
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THE RELATION BETWEEN HEPARIN BLOOD LEVELS AND 
BLOOD COAGULATION TIMES 
F.C, Moxnknouse, Pu.D., R. lL. MacMiniax, M.D., anp 
Kk. W. G. Brown, M.D., B.Sc. 


1 MRONTO, ONT. 


HEN heparin is administered by intravenous injection the coagulation 

time is almost immediately prolonged. With the usual dosage employed 
the effect is maintained only for a short time and Injections must be repeated 
every two to four hours. To overcome the disadvantage of fre yuent injections 
many ¢linieians have resorted to intramuscular and subeutancous injections, 
both of aqueous solutions of heparin and heparin in a retarding medium, Stats 
and Neuhof! recommended the intramuscular injection of concentrated aqueous 
solutions of heparin (100 me. per milliliter). Loewe. * De Takats,* and Glueck 
and associates’ have used heparin in a gelatin medium. JJorpes and associates’ 
administered Depo-heparin (Upjohn) subeutaneously to four patients and 
claimed further experiments could not be carried out beeause of its toxie reac 
tion. The main drawback, however, according to these authors, was the im 
adequacy of the anticoagulant effect. 

These controversial opinions were based on results of clotting time estima 
tions earried out by a variety of methods, It therefore seemed to us that it 
would be of value to determine the actual heparin levels in the blood after 
different methods of injection. By simultaneously measuring heparin levels and 
clotting times it would be possible to determine whether a failure to respond to 
an intramuscular or subcutaneous injection of heparin is due to poor absorption, 
to increased rate of destruction, or to lack of sensitivity of the blood itself, 


MATERIALS AND METIODS 


Subjects used for this study were chosen at random as they appeared for treatment 
at the Toronto General Hospital. Since a studyv7 was being made of the relative values of 


anticoagulant drugs in the treatment ot thromboembolic conditions, fi limited number ot 


patients were available. 

Clotting times were carried out by a modified Lee and White method, three tubes being 
used for each determination. Blood samples were collected with a clean dry syringe. <A 
5-ml. portion of the blood sample was reserved for heparin measurements, and of the re 
mainder 1 ml. was placed in each of three clotting tubes 10 by 75 mm. The tubes were 
kept in a water bath at 57° C., and the clotting time of the third tube was taken as the 
recorded time. When the clotting time was longer than thirty minutes, the end point was 
difficult to detect and the accuracy of the estimation was reduced. 

Heparin Measurement.—A 5-ml. portion of blood was placed in 0.5 ml. of 3.8 per cent 
sodium citrate or 0.1M sodium oxalate. The heparin was extracted and assayed by the 


method of Monkhouse and Jaques.’ 
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Heparin.—Three different preparations of heparin were used: a standard Connaught 
preparation (10 mg. per milliliter), a concentrated aqueous solution (100 mg. per milliliter) 
supplied by Connaught Laboratories of Toronto, and Depo-heparin, supplied by the Upjohn 
Company (200 mg. per milliliter in a dextrose-gelatin medium). Most observations were 


made using the intramuscular route. 
OBSERVATIONS 
In Table I are shown the results of the intramuscular injections of a eon- 
centrated aqueous solution of heparin in a group of eleven patients ranging in 
weight from 122 to 190 pounds. The dose given ranged from 100 to 250 


milligrams. It can be seen that an effeet was produced as early as one hour 
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Fig. 1.—Blood heparin levels and clotting times following intramuscular injections of Depo- 
heparin (200 mg.) in seven patients. —_ extreme values; - average values. 
and detectable heparin activity persisted up to ten hours after injection. With 
a few exceptions, notably patients EK. V. and M. W., clotting times and heparin 
levels were in agreement. Patient R. lL. had been reported as resistant to 
heparin and was thus given a large dose. While he showed somewhat slower 
absorption of heparin than some of the others, he responded well once the 

heparin got into the blood. 

In another group of seven patients a study of the relative values of the 
three heparin preparations was made. The different preparations were given 
to the same patient on successive days, but the order of injection was varied so 
that some patients began with intramuscular injection of Depo-heparin while 
others began with the concentrated aqueous solution. The order of injection 
appeared to make no difference in this group, though admittedly the number 
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is far too small to conelude that this might always be the case. In this group 
of seven patients the duration of effect and average response were very similar 
with Depo-heparin and concentrated aqueous soiations of heparin (Figs. 1 and 
2), and clotting times and heparin levels in general agreed very well. One 
patient who received 150 mg. of each intramuscular preparation did not show 
any increase in clotting time with either preparation and this appeared to be 
due mainly, but not entirely, to a poor absorption of the heparin sinee heparin 
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Fig. 2.—Blood heparin levels and clotting times following intramuscular injections of 
concentrated aqueous solutions of heparin (200 mg.) in 7 patients. __.__-_-__. extreme values; 
average values. 


levels, while measurable, were low. In the other patients therapeutic levels of 
lieparin were achieved with both preparations. In Fig. 3 are shown the responses 
it five of the seven patients to the standard Connaught heparin injected in- 
ravenously. This graph illustrates the rapidity at which the heparin disappears 
rom the blood. By the end of two hours levels are already low, and are not 
neasurable at the end of four hours in most eases. Larger doses will, of course, 
‘ive somewhat longer duration, but the initial levels then are high. 

The variations in both heparin levels and clotting times were much greater 
ollowing intramuscular than following intravenous injections. This was not 
unexpected since in the former case there was the additional variation in the 
ite at which heparin entered the blood stream. One might suggest from a 
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comparison of the graphs that the variation in absorption rate was greater than 
the variation in the clotting time response to heparin once it had entered the 
blood. 


CONCLUSIONS 


Heparin levels and clotting times have been determined and compared in 
patients who have received heparin by different routes. 

In most cases the clotting time varied with the heparin concentration. 
There were, however, a few instances in which there was less parallelism. The 
effect of heparin on the clotting time of any one person appeared to depend on 
its concentration in the blood and not on the method of administration. How- 
ever, there was considerable variation in the response of the clotting time to any 
one concentration of heparin in different patients. 
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; _ Fig. 3.—Blood heparin levels and clotting times in 5 patients following intravenous in- 
jections of standard heparin solutions. (33 mg. in 3.3 ml.) extreme values: — - 
average values; y indicates value is less than this amount. 

Equal amounts of heparin given as Depo-heparin and as concentrated 
aqueous solutions had the same effect on heparin blood levels and clotting time 
Thus in our hands the Depo-heparin showed no advantage over the coneen- 
trated aqueous solution. 
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It is suggested that cases of suspected heparin resistance may be due to slow 
absorption or failure of absorption of heparin administered intramuscularly. 
This can be shown by simultaneous measurements of the heparin concentration 
in the blood and the elottine time, 
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DISTURBANCE OF VITAMIN B, METABOLISM IN PREGNANCY 


Il. THe INFLUENCE oF Various AMOUNTS OF PYRIDOXINE HYDROCHLORIDE UPON 
THE ABNORMAL TRYPTOPHANE Loap TEST IN PREGNANT WOMEN 
M. Wacusterx, M.D., anv A. Gupaitis, M.T.(A.S.C.P. ) * 
BROOKLYN, N. Y. 


OLLOWING the ingestion of large amounts of tryptophane an abnormal 
cosa teetian xanthurenie acid (XA), may be present in the urine in varying 
amounts dependent upon the availability of the vitamin B, compiex. Thus, 
after oral administration of 10 Gm. of dl-tryptophane, only small quantities 
of XA were detected in the urine of normal controls or of patients suffering 
from a variety of illnesses.!. However, in subjects known to be deficient in 
vitamin B,, the exeretion of XA was found to be considerably higher.* * It 
has also been demonstrated that pregnant women who are beyond the first 
trimester of gestation void significantly large amounts of XA, and that the 
administration of pyridoxine hydrochloride influences exeretion of this abnor- 
mal metabolite.’ ' 

The present communication records the effects of varying doses of pyri- 
doxine hydrochloride and of a mixture of thiamine, riboflavin, and nicotinic 
acid upon the excretion of XA in pregnant women. Vitamin B, was ad- 
ministered either for short-term experiments or as a daily supplement for 
longer periods of time in conjunction with the tryptophane load test. Results 
obtained with the tryptophane load test in a large group of pregnant women 
without vitamin B, supplementation confirm previous results. 


MATERIAL AND METHOD 


} 


The tryptophane load test was performed as previously deseribed.4 Ten grams of 
dl-tryptophanet were given in a glass of orange juice, and urine was collected for a 
twenty-four hour period. XA was determined quantitatively by a modification of the 
method of Rosen and his co-workers.4 | Early in the series 100 urines were examined prior 
to the administration of dl-tryptophane and found to contain interfering substances which 
give small colorimetric readings (average 5 mg. per twenty-four hours). Since these 
small amounts of interfering substances did not affeet the final results, analvsis of control 
urines was discontinued. Interfering substances are included in measured amounts of XA. 

For the present report, 360 tests were performed, However, of these, 13 (3.4 per 
cent) could not be used because of the occurrence of either diarrhea or vomiting. 
Although such untoward effects from tryptophane administration were more frequent in 
the present series than in previous experiments, in most instances repetition of the test 
on the next day led to its successful conclusion. Most short-term experiments were carried 
out in the Maternity Ward. Two tryptophane load tests were performed on all of these 
subjects, the first test one to two days post partum, and the second twenty-four to forty- 


eight hours after the completion of the first. The second test dose of tryptophane was 


From the Department of Pathology, St. Catherine’s Hospital. 

Received for publication, Jan. 22, 1953. 

*Present address: saptist Hospital, Louisville, Ky. 

+The dl-tryptophane and pyridoxine hydrochloride used in this study were obtained fron 
Merck and Company, Inc., Rahway, N. J., through the courtesy of Dr. R. A. Peterman. 
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given in combination with varving amounts of orally administered pyridoxine hydro 
chloride or other vitamins as stated later. Control subjects did not receive vitamin 
supplementation in the second test. 

For the long-term experiments women with uncomplicated pregnancies, preferably 
in the beginning of the second trimester, were chosen. All these women were on self- 
selected and apparently sufficient diets. The amount of XA excretion following the 
oral administration of 10 Gm. of tryptophane was measured in all of these subjects at 
the start. They then received varying amounts of pyridoxine hydrochloride daily. During 
treatment, tryptophane load tests were repeated whenever possible. Tests were not done 
unless twenty-four hours had elapsed between the intake of the vitamin and the trypto- 
phane. Several women who were not given the vitamin supplementation served as a 
control. 

RESULTS 

The urines of 86 women at term were tested for the presence of XA 
(Table I). XA exeretion varied from 0 to 813 mg., with an average of 198 
me. (S.E. 15). This is in close agreement with the previous average of 
191 meg. for 14 women with uncomplicated pregnancies. The average excretion 
in the total 100 cases was 195 me. (S.E. 14). Six additional cases with 
toxemia of pregnancy showed the following excretion values: 128 mg., 180 
mg., 207 mg., 270 meg., 306 me., and 325 mg. These six new patients with 
toxemia together with the previously reported ten cases showed an average 
excretion of 285 mg. (S.E. 37). Four additional normal controls excreted 
between 0 and 11 mg., and three patients with severe secondary anemias 
yielded values between 0 and 28 mg. Exeretion values of all normal controls 
(10 previously reported and the 4 additional new ones) varied between 0 and 
30 mg., with an average of 14 (S.E. 2.5). Twenty-five patients with 
various diseases (recent and previous cases) showed XA values between 0 
and 74 mg., with an average of 21 (S.E. 5.6). Tf one aecepts 30 me. as 
the upper limit for the amount of NA in the urine of normal controls only 
4 (4 per cent) of the pregnant women at term showed excretion values within 
normal limits. 

Influence of a Mixture of Thiamine, Riboflavin, and Nicotinic Acid.—In 
seven pregnant women repetition of the tryptophane load test within forty- 
eight hours without any vitamin supplementation showed only small differ- 
ences in the amount of exereted NA, averaging 15 per cent (S.E. LY. 

XA excretion is increased not only in pyridoxine deficient rats but also 

in those with an induced thiamine and riboflavin deficiency... In pyridoxine 
leficient rats XA excretion can be depressed by the administration of nicotinic 
icid.© It was therefore deemed of interest to investigate whether these 
itamins would influence XA exeretion in pregnant women. However, no 
such influence was seen in 4+ women in which the second test dose was pre- 
eded by the ingestion of a mixture of 5 mg. of thiamine hydrochloride, 7 mg. 
‘f riboflavin, and 50 mg. of nicotinic acid (see Table IT). 

Influence of a Single Dose of Vitamin B,.—Two series of short-term 
experiments were carried out with pyridoxine. In the first, varying amounts 
' pyridoxine were given thirty minutes before the second tryptophane load 
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TABLE I. XA EXCRETION OF NORMAL PREGNANT WOMEN AT TERM 


AMOUNT OF AMOUNT OF 

URINE XA URINI 

ML./24 MG./24 ML./24 
NO. NAMI HOURS HOURS NO. NAMI HOURS XA MG./24 HOURS 
l A. M 1000 0 4 (<5. 1200 170 
2 GG. ¢ 2300 8) AY M. A. 1370 v3 
- Ss. FF. 1350 19 16, Cee ie 600 17 
}, A 650 Af 17. B.C. 1000 174 
5. D. I S00 32 1S, ee OF 1200 183 
6. L. I 1300 12 19, C. B. 950 185 
7 j hae DSO 1 50. ORE 1340 186 
8 D. D. 1400 16 51. Ni. GC. "650 186 
9. D. M. 1900 1S Se. Nc 2. 2900 186 
10. E. B. 1200 1S 53. D. LL. 1100 IST 
11. Ae. 1050 Be 54. M. L. 1930 19] 
13. M. B. gO) D4 Bh: cs. wh 1350 197 
13. M. F. 550 64 D6. D. M. TOO 203 
14. & Ax. 2PS50 66 ie M. E: SSO) 219 
by i Eas 610 72 28. FE. K. OO) 220 
16, i ia. 1100 74 ao. R. A. SSO 225 
A SOE, teh 1350 SO 60. G. G. 1030 228 
18. Pas: 1000 85 61. 8. 1750 229 
14, 1. M. 600 S6 62. 3: L100 230 
20. M. A. 2420 97 63, D:D. 2050 230 
24. M. L. 1730 103 O4. the“ 1500 240 
22. M. H. 1780 104 65. M. K. 2500 243 
eo . ae oF 530 i106 66. \ ee 6 2500 951 
24. F. Q. 1200 109 67. | i 2300 951 
95. M. C. 1000 125 6S. ge C2 1410 268 
26. E. L. SOO 125 69. is 530 272 
a v.. &. 560 126 70 Dp. Cc. S70 972 
ZO. ix. te 700 132 7] M. H. 1160 281 
29, A e 2550 135 io A. FP 2700 302 
30. 1. ®. 820 139 73. A. A. 1200 307 
ol. P. Me. 1900 140 74 M. K 2200 5 be 
5 Ae M. C. 1000 150 75. ae Oe 1650 330 
33. E. D. 1200 152 76. M. C. 600 340 
34. ‘gape 1650 155 ofp M. B. L000 365 / 
= 5% A. N. SOO 156 78, S. M. 1520 368 i 
36,00: OT. C, 1650 156 79. HH. i. 2300 107 
37. L. C. 1950 160 80, ae. 690 27 
38. ae 8s 790 160 81. ae e9 1800 148 
39, H. P. 650 162 S?. ie 1500 150 
10), We oe 2000 164 $3. Tes 1260 19] 
£2. D. R. 940 165 S4. M. H. 1430 535 
en ix. $50 166 SO). M. E. 1150 Hy 
$33. OES te 1440 167 S6. M. A. 1300 813 


ES 


Average 198 (S. EF. 
test, and in the second, 25 mg. of vitamin B, were given at different time 
intervals either before or after the second tryptophane administration. Refer- 
ence to Table IIT reveals that the administration of 25 me. of pyridoxine either 
twenty-four hours previous to or one hour following the tryptophane ingestion 
lead to a highly significant decrease of NA excretion. Even if the vitamin 
Was given two to six hours after the amino acid, a decrease in the output of 
urinary NA occurred. However, the suppression was less significant statisti- 
eally and not present in all instances. 

In Table IV experiments are recorded in whieh 2.5, 5, 10, and 15 me. of 


pyridoxine were given thirty minutes prior to the second test dose of tryvpto- 
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phane. It can be seen that with all amounts tested the XA excretion was 
depressed to a significant degree. However, the suppression was least marked 
with 2.5 mg. This becomes particularly obvious when the amount of suppres- 
sion in this group is evaluated statistically against the degree of suppression 
exercised by 25 mg. of pyridoxine hydrochloride. 

Influence of Long-Term Vitamin B, Administration.—The performance ot 
these experiments met with considerable difficulties since some women who 
were willing to cooperate at the beginning of the experiment did not co- 
operate to its completion. In Table V only those cases were included in which 
there was reasonable assurance that the test subjects had really ingested the 
prescribed amount of pyridoxine. In evaluating the influence of the vitamin 
on the tryptophane load test, depression of excretion values below 30 mg., 
which is the upper limit of the normal controls, was considered significant. 
Cases 1 to 5 in Table V which did not receive any pyridoxine supplement 
consistently showed an abnormally high XA output which tended to rise as 
the pregnancy progressed. Daily oral supplementation with 2.5 mg. of pyri- 
doxine hydrochloride did not exert a significant influence. When 3.3 mg. 
were given, reduction to normal values was seen in 2 of the 8 cases tested. 
The effect of 5 mg. was more distinct but not complete. In contrast, complete 
suppression of the abnormal exeretion was noticed in the group of pregnant 
women who were given 10 mg. daily. 


DISCUSSION 


These experiments were undertaken in order to determine the amount of 
vitamin B, necessary to influence the abnormal metabolism of tryptophane 
in pregnant women. Our results would indicate that a daily dose of 2.5 mg. 
of pyridoxine hydrochloride has no significant effect, while a 10 mg. dose is 
fully effective. A daily dose of 3.3 or 5 mg. is not adequate in all cases tested. 
Although there is little doubt that the disturbance of tryptophane metabolism 
is due to a deficiency in the vitamin B, complex, it cannot be stated at the 
present time that the increased excretion of XA can be taken as an indieation 
for a deficiency in other functions of the vitamin B, complex. In the rat, for 
example, XA excretion is dependent upon the amount of ingested tryptophane, 
while the severity of the deficiency as measured by clinical signs can be in- 
creased considerably by the administration of thio-amino acids such as 
methionine.’ 

It seems justified to assume that under the condition of the tryptophane 
load test in the human being, a disturbance in the metabolism of the vitamin 
B, group is the only factor responsible for the increased exeretion of XA. If 
one accepts as abnormal, excretion values above 30 mg., which is the highest 
found in the normal control group, evidence of such a disturbanee was found 
in 96 per cent of healthy pregnant women at term. All these women were in 


adequate or good financial circumstances. They were on a self-selected and 
apparently sufficient diet. However, it has been pointed out by Oldham, Sheft, 
and Porter® that the protein and vitamin composition of such self-selected diets 
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TABLE V. INFLUENCE OF LONG-TERM ADMINISTRATION OF VITAMIN B, ON XA EXCRETION 


AMOUNT OF 


oe XA DETERMINATIONS 
PYRIDOXINE 


HYDRO INITIAL TEST PESTS IN FOLLOWING WEEKS AT 
CHLORIDE WEEK WEEK WEEK TERM 
GIVEN KA. OF XA OF XA OF XA 
DAILY IN MG. /24 PREG MG./24 PREG MG./24 PREG MG./24 
NO. NAME AGE MG. HR. NANCY HR. NANCY HR. NANCY HR, 
l M. C. 29 0 53 IS 85 23 126 30 150 
2 M. ( + J 0 60 s 76 ss SO 
5 M. L. 24 0 100 24 85 32 251 
4 Ei 26 0 203 24 292 28 195 31 407 
5 ‘ae 32 0 262 16 232 1S $50 
6 E.G. 23 2.5 65 1 1] 4 ‘a 39 60 
7 A. W. on 2.9 78 Ee 178 27 
S M. K. Z0 2.5 99 1] 107 24 123 34 
9 BK 24 2.0 104 4 228 
10 M. DeS 4 2.0 119 p 66 4 100 
1] oe O28 12 Zuo 170 5] 152 
12 Cc -Ch: »g 2.5 300 oo 142 3] OS 37 380 
13 Fr. R. 30 A.0 365 19 Li Zo 228 
14 BE. B. 2 3a 67 20 tS 27 1S 
15 M. A. 30 bo 70 pA 97 
16 EK. W. 22 ba 74 5 EL 77 25) PG? 
Ly M. M. 30 a 0 i 0) 19 
1S 5: 2. 6 3.3 140 3] 7 6 
19 Pp. F. () 3.3 290) 1 DSO 
20 M. A. 0 es 3 230 we 123 52 
21 M. M. 32 eo roe 27 94 
22 F. M aT 5.0 65 16 14 2] 
a3 M.S 35 5.0 70 Z 5) 
24 D. R 26 5.0 100 16 0 19 
25 P< 37 5.0 106 22 0 9 
26 EL. DeA () 5.0 140 P6 ] 5] 6 
27 . 45 YS 5.0 190 24 6 P6 0 33 pba «| 
28 M. B. 35 5.0 19S 26 12 28 12 30 H() 
29 i ats rH 5.0 221 17 9 27 23 35 
30 Ss. G. 34 5.0 939 30 6 ao $1 
3] J: Bb 24 5.0 281 24 34 30 
32 C. M. 30 10.0 371 34 9 
33 S. M. ,] 10.0 QD 34 3 
34 a. a 4 10.0 106 23 is) 
oo se, 4 10.0 110 33 10 
36 L. B. 25 10.0 157 35 _~ 12 
37 B. Ch. 32 10.0 174 26 1] 29 
38 M. F. 19 10.0 26] 36 1 


among pregnant women showed considerable variations. For instance, 


ingestion varied between 0.35 and 19 mg., niacin between 4 and 86 meg 
Questioning of women showine low exeretion values of XA in our 
vealed that several preferred foods known to be rich in the vitamin B 
such as beef, liver, wheat, bananas, and steaks. 

Two faetors were considered as possible causes for the inere 


exeretion as seen in pregnaney, namely: either an abnormality in t 


thiamine 
per day. 
study re- 
, complex 


ased XA 
he metab- 


olism of vitamin B,, or the existence of a real deficiency due to the facet that the 


srowine fetus drains the maternal source of vitamin B,.' The results obtained 


n the present study support the seeond possibility. One would othe 
xpeet a metabolie disturbanee inherent in the pregnant state to be 
’ promptly when small doses of vitamin B, are given together 


'yptophane. 





Such immediate action of the vitamin upon the metabolism of 


‘rwise not 
corrected 
with the 
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tryptophane seems surprising at first glance. However, other instances of 
rapid correction of a metabolie abnormality due to a vitamin deficiency have 
been deseribed. The abnormal urinary exeretion of tyrosyl compounds in 
children with seurvy who were given tyrosine is immediately suppressed follow- 
ing the administration of ascorbie acid.’ In the vitamin B,, deficient rat the 
excretion ei XA ceases abruptly after the administration of pyridoxine." 
Furthermore, in normal rats following the intravenous injection of tryptophane, 
a marked rise in the pyridine nucleotide level of the red blood cells occurs which 
reaches its peak after eight hours. While there is no response in pyridoxine 
deficient rats under the same experimental conditions, an almost normal inerease 
in the pyridine nucleotide level of the red blood cells occurs in these deficient 
animals only one hour after subeutaneous injection of pyridoxine.'” 

Obvious signs of vitamin B,, deficieney in human beings are seen in highly 
abnormal experimental conditions only.1! Tlowever, it has been shown recently 
that a large percentage of patients with seborrheic dermatitis of the sicca type 
have a metabolic detect in the skin whieh increases the local requirement for 
pyridoxine. The lesions respond favorably to the local application of vitamin 
B,.'*° There is growing evidence that the vitamin B, complex is involved in 
many biochemical processes, particularly in those concerned with the inter- 
mediary metabolism of amino acids!’ and the formation of nucleo proteins." 
Vitamin B,, appears to be essential for the normal reproductive performance in 
experimental animals.’ 

The amount of vitamin B, which is necessary to keep human beings in com- 
plete balance is not known. There can be little doubt, however, that in preg- 
naney the demand for this vitamin is markedly increased. When the tryptophane 
load test is used as a guide it would appear that for pregnant women on a self- 
selected diet a daily dose of 10 mg. of pyridoxine hydrochloride provides enough 
vitamin B, to cover the inereased demand for this vitamin. It is suggested, 
therefore, that pregnant women in addition to other vitamins be given vitamin 
B, in amounts equivalent to 10 mg. of pyridoxine hydrochloride daily. 


SUMMARY 


The abnormal exeretion of xanthurenie acid in pregnant women following 
a test dose of 10 Gm. of dl-tryptophane can be suppressed by the administration 
of 25 mg. of hydrochloride given anywhere from twenty-four hours previous 
to or one hour following the test dose of tryptophane. Smaller amounts of 
pyridoxine hydrochloride (5 to 15 mg.) given thirty minutes prior to the 
tryptophane are likewise able to suppress the XA exeretion. A dose of 2.5 mg. 
is less effective. No influence upon the XA exeretion was found when the test 
was preceded by the administration of a mixture of 5 mg, thiamine, 7 me. 
riboflavin, and 50 mg. of nicotinie acid. In pregnant women treated over longer 
periods of time with daily oral supplementation of pyridoxine, no influence 
was noted with 2.5 mg., while a daily dose of 10 mg. effected a completely normal 
tryptophane load test. On the basis of these experiments it is suggested that 
pregnant women be given a daily dose of vitamin B,, equivalent to 10 mg. of 
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pyridoxine hydrochloride, in order to correct the biochemically demonstrable 
vitamin B, deficiency. 


i, 


la. 


15. 
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THE ANALYSIS OF THE ALVEOLAR-ARTERIAL OXYGEN PRESSURE 
GRADIENT IN MITRAL STENOSIS 


S. GILBERT Buiount, JrR., M.D., Matcoum C. McCorp, M.D., LEIGHTON L. 
ANDERSON, M.D., ANd SencHt KomeEsvu, M.D., DENVER, COLo. 


ATHOLOGIC alterations in the alveolar-eapillary membrane have been de- 


scribed in patients with mitral stenosis..°° These alterations consisted of 


dilatation of the capillaries and thickening of the alveolar walls as a result of the 
retrograde transmission of the increased pressure within the left atrium. 

It was considered that these changes involving the respiratory membrane 
in patients with mitral stenosis might interfere with the diffusion of oxygen 
across this membrane. 

A previous publication’ from this laboratory demonstrated that the alveolar- 
arterial oxygen pressure gradient was increased in eighteen patients with mitral 
stenosis. This increased gradient was the result of a reduction in the arterial 
blood oxygen tension, the alveolar oxygen tension remaining within normal limits. 

The present study was undertaken in an attempt to define the components 
of this increased alveolar-arterial oxygen pressure gradient. 


MATERIAL AND METHODS 


Studies were performed on ten patients with relatively ‘*pure’’ mitral stenosis. The 
average age of this group was 36.5 years. All patients were being evaluated for mitral 
commissurotomy, 

An indwelling arterial needle was introduced into the brachial artery. A period of ten 
minutes was then allowed for stabilization, at the end of which time the expired air was 
collected over a three-minute period. During the second minute arterial blood samples were 
drawn, and the patient was then allowed to rest for twenty minutes. Thirteen per cent oxygen 
was then administered by mouthpiece for fifteen minutes in order that the peripheral arterial 
oxygen saturation might be decreased to a desired level of approximately SO per cent satura 
tion. At this time the expired air was again collected over a three-minute period and the 
arterial blood samples obtained as above. 

The partial pressures of oxygen and carbon dioxide in the arterial blood were immediately 
determined by the direct technique of Riley and associates,5 and the alveolar partial pressures 
of oxygen was then calculated using the alveolar equation suggested by Pappenheimer and 
his associates.6 Oxygen content and capacity and carbon dioxide content of the arterial blood 
were determined by the Van Slyke-Neill manometric method.? The carbon dioxide and oxygen 
in the expired air were analyzed by the Scholander micro gas analyzer. The coefficient of 
pulmonary oxygen diffusion and the percentage of venous admixture were then determined 


from the formulas of Riley and associates.§ 
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The procedures were carried out at an average ambient temperature of 26° C. and an 
average barometric pressure of 627.5 mm. Hg 

Cardiac catheterization was performed in eight of the ten patients, thus determining 
the preeise value of the arteriovenous oxygen difference used in the above-mentioned formulas 
of Riley. 

RESULTS 

The pertinent data derived from the study of ten patients with mitral 
stenosis are presented in Table 1. The alveolar-arterial oxygen tension gradient 
ranged from 6.8 mm. He to 32.5 mm. Ig, with a mean level of 15.7 mm. He. 
The values fell within the range of normal in four patients and were increased in 


SIX patients. 


TABLE IT. Tite ALVEOLAR-ARTERIAL OXYGEN PRESSURE GRADIENT AND ITS COMPONENTS IN 
TEN PATIENTS WITH MITRAL STENOSIS 


EFFECT. ALY. ART. 
VENOUS ADMIXTURE As °FUSION oF 
0, TENSION GRAD. ” | DIFFUSION COEFF. 


ART. Og SAT. 


PER CENT OF CARDIA( Do ints: Sen gore 

Ps Pa. OUTPUT » IN PER CENT 
i : ee (C.C./MIN./MM. Sx 
PATIENT MM. H&) QvA/eT x 100 HS GRADIENT ) % 
W. S. 6.8 6.0 920.0 87.8 
A. H. 8.0 15 11.5 97.2 
J. 8. 9.7 7.0 he 93.0 
A. Ho. 9.8 10.0 13.0 87.8 
Ss. C. 11.4 8.0 8.0 96.4 
W. M. 13.9 11.0 20.0 92.0 
J. M. 13.9 11.0 7.0 91.5 
. A. 15.1 11.5 9.0 91.8 
L. M. 15:7 15.0 5.0 94.8 
B. L. 32.5 20.0 5.0 78.2 
AY. 13.7 Av. 10.5 Av. 10.6 Av. 91.5 


Caleulation of the percentage of venous admixture revealed a range of from 
4.5 per cent to 20 per cent, with a mean level of 10.5 per cent. The venous ad- 
mixture percentage was normal in three patients and elevated in seven. 
The values caleulated for the pulmonary diffusion coefficient ranged from 
2.0 ml. to 20.0 ml., with a mean of 10.6 ml. Normal levels were present in two 
patients. 
The oxygen saturation of the peripheral arterial blood was within normal 
imits in seven patients, being greater than 91 per cent.® 
DISCUSSION 
There was a significant reduction in the mean arterial oxygen tension in 
he patients presented in this study. The alveolar oxygen tension was within 
iormal limits. The resulting mean alveolar-arterial oxvgen tension gradient was 
hus inereased. These results are similar to those obtained on a different group 
' patients with mitral stenosis and reported in a previous publication. 
Two main factors must be considered in an evaluation of the increased 
veolar-arterial oxygen tension gradient, namely, increased venous admixture 
nd impairment of oxygen diffusion across the respiratory membrane. 
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Impairment of diffusion across the alveolar-capillary membrane might be 
expected in patients with mitral stenosis in view of the established pathologic 
alterations at this level. Evaluation of the oxygen diffusion capacity in the ten 
patients studied revealed impairment of diffusion in eight patients. Thus the 
diffusion impairment in some patients with mitral stenosis would seem to reflect 
the known pathologie alterations of the alveolar-capillary membrane. An in- 
crease in the venous admixture percentage might also be anticipated in patients 
with mitral stenosis resulting from the perfusion of imperfectly aerated alveoli. 
This defeet may be secondary to the abnormal distribution of inspired air which 
may occur in these patients. Caleulation of the venous admixture percentage 
revealed increased values in seven of these ten patients. Thus, these studies re- 
vealed abnormalities of both components that comprise the total alveolar- 
arterial oxygen pressure gradient. 

It was anticipated that the oxygen diffusion capacity might be correlated 
with the pulmonary ‘‘eapillary’’ pressure and the pulmonary ‘‘arteriolar’’ re- 
sistance. However, in the small group presented at this time there did not ap- 
pear to be any correlation between the diffusion coefficient and the pulmonary 
‘‘eapillary’* pressure. The degree of venous admixture likewise failed to cor- 
relate with the pulmonary hemodynamie studies, or with the peripheral arterial 
oxygen. saturation. 

The results of this study suggest that an impairment of oxygen diffusion 
may be present in patients with mitral stenosis; however, it would seem difficult 
to quantitate precisely this factor. This is in part due to the fact that the total 
diffusing surface, an essential component of the diffusion coefficient, defies accu- 
rate determination. Moreover, the present methodology may not permit a pre- 
cise distinction between impairment of diffusion and unequal distribution of 
inspired air. Thus, it is felt that impaired diffusion may well exist in these 
patients. However, it does not seem clear at this time that this impairment 
may be quantitated accurately or that a precise distinction can be established 
between impairment of diffusion and venous admixture. 


CONCLUSIONS 
The alveolar-arterial oxygen tension gradient was determined in ten patients 
with mitral stenosis and the mean level was found to be elevated. 
Determination of this gradient was made at two levels of oxygenation in an 
attempt to define the factors that might contribute to this increased gradient. 
This method revealed abnormalities in both the diffusion capacity of the 
lungs and in the volume ot venous admixture. 
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PLASMA LIPOPROTEIN CHANGES INDUCED BY MILD LOCAL COLD 
INJURY 
Rosert F. RepMonp, M.D... LAWRENCE J. Mincu, Pi.D., ANbD 
WILLIAM W. CaLHoun, B.S. 


RANDOLPH Frenp, TEXAS 
INTRODUCTION 


IGNIFLTCANT inereases in plasma lipid and lipoprotein concentrations fol- 

lowing a standardized loeal cold injury to one hind limb of a rabbit have 
heen reported from this laboratory.’:* The injury was produced by exposure 
of the depilated, condom-covered limb in an aleohol-water bath at —12° C. for 
thirty minutes. Piehotka and Lewis* demonstrated that this treatment resulted 
in a solidly frozen tibialis antieus muscle in 96 per cent of the eases and that 
varvine degrees of cell necrosis were observed in most of the animals. The same 
authors’ reported that exposure of similarly prepared animals ina bath at 0° ©. 
causes only a mild damage in the form of loss of funetion and muscle atrophy, 
without cell necrosis. 

Lewis and Moen*t demonstrated that intracellular ice crystal formation (as 
indicated by the solidly frozen tibialis anticus muscle of the rabbit leg after 
thirty minutes at —12° C.) was not essential for the production of necrosis. In 
view of this finding it seemed desirable to determine if such ice erystal formation 
were a necessary prerequisite to the lipoprotein alterations noted after local cold 
injury in this laboratory.’:? Since exposure at 0° C. eliminated the possibility 
of ice erystal formation but still exerted a marked cooling effect, it was decided 
to determine lipoprotein levels in rabbits twenty-four hours after their right 
hind limbs had been subjected to a temperature of 0° ©, for thirty minutes. 


EXPERIMENTAL 


Forty albino male rabbits of the New Zealand strain were selected from the colony in 
this laboratory and numbered consecutively. The animals weighed approximately two kilo 
grams each, and were maintained in an air-conditioned room on a standard commercial feed 
and water, ad libitum, prior to and throughout the experiment. One-half of the animals were 
subjected to local cold injury. 

The protocols of cold exposure were exactly as those previously described,’ except that 
the depilated, condom-covered right hind limbs of the experimental rabbits were exposed at 
0° C, instead of —12° C. Approximately 30 ml. of blood were drawn from each rabbit in both 
control and experimental groups twenty-four hours prior to the time of eold injury. All 
animals were then depilated, and the experimental group exposed to the cold bath. Twenty 
four hours following cold injury to the experimental group, an additional 30 ml. of blood were 
drawn from all animals. A packed cell volume was obtained in pre- and post-cold injury 
samples. The blood was then processed to plasma and the plasma analyzed for total cholesterol, 
lipid phosphorus, and the S,; 0 to 12, 12 to 20, and 20 to 100 classes* of lipoproteins. All 
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*Components migrating at a rate of Sr 0 to 12, 12 to 20, and 20 to 100 in a solution 
of density 1.063 at 26° C. 
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analyses were accomplished as previously described.t.5 The ultracentrifuge plates, however, 
were evaluated by an improved system recently devised by Gofman.6 No Johnston-Ogston 
corrections®-8 were made, since this factor did not exeeed 1.05 in any of the determinations. 
Fig. 1 shows the net change, between the two bleedines, in the serum components for each 
animal in the control and injured groups. Significance levels recorded thereon refer to the 
difference between ‘* control’? and ‘‘injured’’ net changes. Table T lists the mean net change 


in each plasma variable for control and experimental groups with appropriate significance 
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Fig. 1.—Distribution of changes in plasma variables induced by mild local cold injury (post- 
cold injury value minus pre-cold injury value—see text). 


RESULTS AND DISCUSSION 


The data confirm previously reported increases! ? in plasma cholesterol, 
phospholipid, and certain elasses of lipoproteins twenty-four hours following 
acute local cold injury. There is further evidence that hemorrhage* of approxi- 
mately 30 ml. of blood is sufficient to produce slight lipid changes. Beyond 
Needing effeets, however, plasma cholesterol concentrations change markedly 
ifter a 0° C. exposure. According to Table I, a mean increase of 29 mg. per 
‘ent was observed, of which only 7 mg. per cent could be accounted for as a result 


The traumatic effect of hemorrhage on blood lipids and lipoproteins will be the sub- 
ct of a future report. 

















REDMOND, MILCH, AND CALHOUN 





TABLE I. RESULTS OF PLASMA LIPID ANALYSIS AFTER MILD LOCAL CoLpD INJURY 


LIPID PACKED 
CHOLESTEROI LIPOPROTEIN CLASSES PHOSPHORUS CELL 
MG. MG. PER CENT MG. VOLUME 
PER CENT S, 0 To 12 S, 12 To 20 | Ss; 20 To 100 PER CENT PER CENT 
COLD COLD COLD COLD COLD COLD 
CON IN CON IN CON IN CON IN CON IN CON IN 
TROL | JURED) TROL | JURED TROL JURED) TROL | JURED TROL | JURED, TROL | JURED 
Mean dif- 7 29 6 +5 +) +1S +6 +S 0.25 OT 1] 12 
ference 
Intra group <0.01 <0.01 042 042 0.34 <0.01 50.5 0.01 50.5 <0.01 <O.01 0.01 
P 
Inter group <0.01 0.29 0.22 <0.01 0.04 0.4 
P 


*Postbleeding value minus prebleeding value 


of prebleeding (P = <.01). As was noted after severe injury at —12° €., 0° €. 
exposure also induced a trend toward higher phospholipid levels, but the phos- 
pholipid cholesterol ratio remains unaltered. 

The blood lipoprotein response to cold injury at 0° C. seems to be variable. 
The lipoproteins of the S; 0 to 12 and S; 12 to 20 classes show no significant 
changes over and above the effects of hemorrhage. The lowest density lipopro- 
teins of the S; 20 to 100 class, however, show considerable alteration as a result of 
mild cold injury. Data in Table I indicate a mean increase in the S; 20 to 100 
class of 58 me. per cent in cold-injured animals, of which only 6 mg. per cent ean 
be accounted tor on the basis of hemorrhage. This effeet is highly significant 

P= <.01). It is understood, of course, that the hemorrhage may obscure 
other lipoprotein changes, but such prebleeding was necessary in order to make 
comparisons with previously reported data on injury at —12° C 

Table Il indicates a comparison of the results of exposure to —12° C. and 
0° C. It will be noted that the changes in cholesterol, lipid phosphorus, and 
the S; 12 to 20 and 20 to 100 classes of lipoproteins were all highly significant 
following exposure at —12° C., while at 0° C. only cholesterol and the S; 20 to 
100 lipoproteins increased significantly. 


TABLE II. COMPARISON OF THE RESULTS OF LOcAL CoLD INJURY AT —12° C. AND 0° C.* 
INJURY S, 12 To 20 S, 20 TO 100 LIPID 
LEVEI CHOLESTEROL LIPOPROTEINS LIPOPROTEINS PHOSPHORUS 

Mg. per cent, net change (injured minus control 
-12° @. +62.] +58 rs be +3.36 

P= £001 P= £001 P =< 0:01 P == 001) 
Qo” ©. +21.7 +i2 +53 +1.57 

emmy UI § | P = O22 gee Se (P= 0.04) 
*Sr 0 to 12 lipoprotein data was not taken at the 12° C. level of injury 


There seems to be some indication that the extent of blood lipoprotein 
alteration is a measure of the degree of injury. More complete validation of 
such a relationship, however, would require data to be taken coneurrently on 
parallel groups of animals at a minimum of three injury levels. The problem 
is undergoing study in this laboratory. 

The mechanism by which observed changes are produced is not known. It 
is possible that the changes are produced by altered metabolism in the injured 
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leg, but the possibilities of a more widespread metabolic disorder, such as eireu- 
latory changes produced by the shock of cold injury or possible toxic breakdown 
products from the injured member, must be considered. Until such time as good 
evidence for a mechanism of the observed effect is available, no stand will be 
taken. 

SUMMARY 


Plasma lipid and lipoprotein levels were determined in rabbits subjected 
to mild loeal cold injury. Plasma cholesterol concentrations and the S;- 20 to 
100 class of lipoproteins were significantly altered, and serum lipid phosphorus 
showed a tendeney toward higher levels. The results indicate that lipoprotein 
changes can result from a purely thermal effect on rabbit muscle in the absence 
of ice erystal formation. A possible relationship between the degree of injury 
and the extent of blood lipid alterations is suggested. 
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CORTICOSTEROID 


RINARY ketosteroid excretion studies have suggested an adrenocortical 

disturbance in liver disease.!. There is usually a pronounced drop in ke- 
tosteroid exeretion in cirrhosis and obstructive jaundice, and the level may 
remain low tor long periods. Comparable low levels of ketosteroid excretion 
have been observed in many chronic diseases where the patient is debilitated.° 
In hepatitis the ketosteroid excretion levels are only moderately depressed, and 
soon return to normal values when elinieal improvement occurs. This may cor- 
respond to the return of ketosteroid excretion to normal levels observed on 
recovery from trauma or acute disease. 

There is little information on corticosteroid hormone excretion in cirrhosis 
and other diseases of the liver. Analyses of crude urinary extracts have indi- 
eated a normal or elevated excretion of corticosteroid hormones in cirrhosis.” 
A study of corticosteroid hormone exeretion based on analyses of purified uri- 
nary extraets should shed further light on hormonal,relations in liver disease. 
The chemical method of Talbot* fulfills this requirement for corticosteroid 


analysis. This paper discusses the results of sueh a study. 


Mr THODS 


Cortical hormones in twenty-four hour urine specimens were analyzed by the Talbot? 
method followed exactly, with two exceptions: (1) urines were adjusted to a pH of 1.7 im 
mediately prior to extraction, and (2) color intensities were measured at 750 my instead of 
the recommended 660 my, to improve sensitivity. All optical measurements reported in this 
paper were made with a Beckman Model DU spectrophotometer using cells with a 1 em. light 
path. 

The A 4-3-ketocorticosteroid content of the corticosteroid fractions was determined by the 
following method: an ultraviolet absorption spectrum was run on an aliquot of the fraction 
analyzed for corticosteroids by the Talbot method. If a peak was observed in the region of 
240 mu, spectral densities were measured at 240 ma (maximum) and at wave lengths 15 mu 
on each side of the maximum, i.e., at 255 mw and 225 my. These measurements permit cor 


rection for any background having linear absorption characteristics in this region of the 


: -orr. : 
spectrum by computing the corrected spectral density, D pes . as follows: 
corr. l 
D P40 = Da 40 ae 9 Dos * D.;5 ) 
- 
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corr. 
) 

D 940 
au peak at 240 mua. Fig. 1 is a plot of concentration of pure desoxycorticosterone against 


represents the fraction of the total spectral density contributed by substances showing 


corresponding spectral densities computed in the same way for the pure steroid: 


] 
9 (Dus T DE) 


D’ = Diy - 


3y this curve spectral densities of both standard and unknown are conyerted to the same 


basis and made directly comparable. The concentration of 1-3-ketocorticosteroid im an 
° ° . ° : eorr. . ‘ 

unknown solution is obtained by interpolating the D O40) value of the unknown on the 

standard eurve, Fig, 1, and reading the corresponding concentration. The total (4-3 


ketocorticosteroid excretion per diem is then obtained by the use of the appropriate factor 
for the aliquot and its dilution. All results are expressed in terms of milligrams of 
desoxycorticosterone* excreted per twenty-four hours. 

Formaldehydogenie corticosteroids were determined by an unpublished procedure 
kindly supplied by Dr. Hildegard \Vilson of the New York University College of Medicine. 
The formaldehyde formed in both unknowns and standards is diffused in micro Conway units 
into chromotropie acid reagent. Four different duplicate concentrations of desoxycorticosterone 
in the range from 8 to 40 micrograms give a linear curve which is run for each determination. 


Results are expressed in terms of milligrams of desoxycorticosterone excreted per twenty-four 


hours. 
TABLE I. CorvricoSTEROID EXCRETION OF NORMAL CONTROLS 
| cortrcosrrrom | corticostERom | 8+ CORTICOSTEROID]  4-3-KETOCORTICO 
INDIVID- | | EXCRETION | EXCRETION g@. CREATININE | STEROID EXCRETION 
UAL SEX mMG./24 HR. | MG./M.2/24 HR. | +104 MG./24 HR. 
D:: 8. a 0.27 0.14 
0.28 0.15 
i: BF A 0.28 0.15 
0.23 0.12 
0.21 0.11 1,22 
D. W. a 0.38 0.19 
L. W. + 0.29 0.15 
.. S. a 0.31 0.18 1.66 
0.34 0.20 1.94 0.37 
B. S. a 0.47 0.22 2.74 
0.37 0.17 2.11 0.14 
0.32 0.15 1.94 0.05 
M. V fe) 0.18 0.11 0.14 
0.19 0.12 0.07 
K. K. 2 0.35 0.23 
Ir. S. Q 0.17 0.11 
E. P. Q 0.28 0.18 0.25 
N. 8. Q 0.40 0.26 0.18 
M. D. Q 0.20 0.12 2.10 0.17 
oe Q 0.24 0.16 2.81 0.21 
B. B. 9 0.21 0.14 23 0.10 
Range 0.17-0.47 0.11-0.26 1.22-2.81 0.05-0.37 
Mean 0.28 0.16 2.09 0.17 
Variance +0.00177 +0.2471 
8.D. +0.042 +050 
Variance of mean +01) 0000843 +0.03 
Std. error of mean +0.009184 +0.17 


*Unanalyzable because of the amount of caffeine present. 





*Desoxycorticosterone of m.p. 139.9-141.5-142.5° C. (uncorr., Fisher-Johns melting point 
ock), A abs. ale. 240 my, log ¢« 4.22 was used throughout this investigation. We wish to 


max. 
xpress our thanks to the Ciba Pharmaceutical Company for supplying us with desoxy- 
rticosterone and its acetate. Results based on desoxycorticosterone as a standard (M.W. 
}0.45) are no more than 8 per cent lower than those based on corticosterone (M.W. 346.45) 
nd 17-hydroxycorticosterone (M.W. 362.43). 
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RESULTS 

Table I summarizes the hormone excretion data for 14 control normals (6 
men and 8 women) in the 20 to 32 year age bracket. Surface areas used in 
computing corticosteroid excretion in mg. per square meter of body surface 
(M.2) per day were ealeulated from body weight and height as described by 
Talbot and associates.* 

Table Il compares the data of Table I with those of Talbot and co-workers 
on normals. The data of these workers’ recorded in columns 1 and 2 of Table II 
are based on 83 analyses on 20 normal young adults (12 men and 8 women). 


TABLE II. COMPARISON OF CORTICOSTEROID EXCRETION DATA ON NORMALS 


1. MEAN 2. RANGE 5. MEAN 4, RANGE |5. S.D. FROM MEAN 

MG./24 HR. | MG./24 HR. MG./M.2/24 HR. MG./M.2/24 HR. MG./M.2/24 HR. 
Table I 0.28 0.17-0.47 0.16 0.11 -0.26 +0.042 
Talbot 0.22 0.10-0.44 0.148 0.015-0.255 +0.058 


The figure of Talbot and associates® recorded in column 3 of Table IT is 
the mean of 78 values on 31 subjects 15 or more years of age. They found mean 
excretion in mg. per M.* per day to be 0.101 for subjects under 7 years (22 
determinations on 18 subjects) and 0.126 for subjects 7 to 14 years (30 determi- 
nations on 26 subjects). Thus, excretion in mg. per M.* per day shows a gradual 
steady rise with age up to the adult level. The slightly higher value for the 
average of the results of our investigation (Table I) compared with those of 
Talbot and collaborators may be explained on the basis of a selected group exeret- 
ing near the maximal corticosteroid. This conclusion is borne out by data re- 
corded in column 4 of Table IT. The broad range of values observed by Talbot 
and co-workers is the result of inclusion of all age groups, especially those 
excreting hormones at a lower rate. The upper limit of the normal range does 
not differ in the two sets of data. Since the range of values has not been ex- 
tended upward, acidification of urine from normal individuals to a pH of 1.7 
prior to extraction (rather than adjusting the urine to pH 6.5) does not signifi- 
eantly affect the corticosteroid content as measured by the Talbot method. 

Table III summarizes corticosteroid excretion values obtained in patients 
with liver disease, 51 analyses from 20 different patients being represented. The 
patients are grouped on the basis of clinical diagnosis. Hormone analyses on 
the following patients with Laennee’s cirrhosis were done prior to the initiation 
of any therapy: F. C., H. H., R. O’C., G. B., and A. G. The remaining patients 
with Laennee’s cirrhosis were accumulating fluid and were being treated by 
paracenteses and diuretics at the time the specimens were collected. The most 
outstanding feature of the corticosteroid excretion in this latter group is its 
variability, both in a given person, and from one patient to another. It was 
not possible to establish any consistent correlation between corticosteroid ex- 
cretion value and paracentesis or administration of diuretics. These hormone 
exeretions had no obvious relation to the rates of fluid accumulation. The 
heterogeneity of the excretion values in these 12 patients was not a function 
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of variation in age. Wide variations in corticosteroid excretion in a single e¢ir- 
rhotic patient are in sharp contrast to the constaney of corticosteroid output 
observed in normal controls (Table I, D. S.. H. S.. R.S., B.S... and M. V.). 
Healthy persons not under stress excrete relatively constant amounts of cortical 
hormone in all age groups,° if the data are adjusted for body size. This is borne 
out by the data in Table I, which show that a given normal person's hormone 
output is relatively constant from day to day. Also, adjustment of hormone 
excretion values of different persons for surface area (milligrams of hormone 
excreted per square meter of body surface per twenty-four hours: meg./M.*/24 
hr.) gives approximately the same value for all individuals. The absence of 


STANDARD CURVE FOR 
A*-3-KETOCORTICOSTEROIDS 
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Fig. 1. 


this agreement in these cirrhotics may be due to fluetuating stresses, stages of 
the disease process, or to unassessed factors. J. S. showed what appears to be 
a eyelie variation in hormone excretion independent of all known variables. 

In the group of patients with biliary cirrhosis, F. F., F. P., and L. B. were 
untreated. The first analysis on N. C. was fourteen days before an exploratory 
celiotomy ; the second was eight days after operation when she was recovering 
well. The two patients with infectious hepatitis, D. F. and J. T., were con- 
valescent and recovering well at the time the specimens were collected. The 
first analysis on M. K. gives values for excretion the day preceding operation 
‘or removal of a common duct stone; the second for exeretion on the day of 
‘peration, and the third on the specimen collected the seventh day postoperative. 

Creatinine analyses were available on some of the twenty-four hour urine 
specimens collected for corticosteroid analysis. Tables I and III show the results 
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expressing grams of corticosteroid per gram of creatinine excreted during a 
twenty-four hour period. For normal persons the correlation of corticosteroid 
excretion and creatinine excretion appears to be as significant as the correlation 
of corticosteroid exeretion with surface area. Creatinine excretion is related 
to body weight (muscle mass) and surface area is a function of the latter. Thus 
both relations of corticosteroid excretion may be expressions of the same phe- 
nomenon. The lack of correlation of corticosteroid and creatinine excretion in 
patients with liver disease is comparable to the absence of correlation with sur- 
face area. 

/A\*-3-Ketocorticosteroid excretion was elevated in patients with liver disease 
(mean of 0.54) as compared with control normals (mean of 0.17). The fre- 
quency of occurrence of detectable quantities was about the same for both 
groups, but a higher proportion of the ketonie fractions from patients with 
liver disease was unanalyzable because of the presence of caffeine. Eliminating 
unanalyzable fractions from both categories, 50 per cent of the group of normals 
and 58 per cent of the group of patients with liver disease showed the presence 
of detectable quantities of A4-3-ketocorticosteroids. In patients with liver dis- 
ease the /\*-3-ketocorticosteroid content may often be significantly higher than 
the reducing corticosteroids measured by the Talbot method, a situation not 
observed in normals. To determine whether the /\*-3-ketocorticosteroid content 
was compatible with total cortical hormone content, formaldehydogenie cortico- 
At-3- 
ketocorticosteroid content in excess of the corticosteroid content as measured by 
the Talbot method. The results (Table II]) show that total content measured 
by the formaldehydogenic method is greater than the subfractions, the reducing, 


steroid determinations were run on some of the ketonic fractions with a 


or the A\*-3-ketocorticosteroids. 
17-Ketosteroids were determined as deseribed in a previous paper.' The 
low levels of 17-ketosteroid excretion (Table 11) contrast markedly with the 


eoneurrent elevated or normal corticosteroid exeretion. 


DISCUSSION 

The conditions for carrying out the colorimetric reaction used in the Talbot 
method have been developed by Nelson’® by modification of the Somogyi'! 
method for glucose determination. In the Somogyi method a copper reagent 
which has been reduced by glucose is used to reduce an arsenomolybdate reagent 
to a molybdenum blue. The intensity of the molybdenum blue color is then 
measured. Nelson has reported that the absorption spectrum of this molyb- 
denum blue shows a peak at 660 my (loc. cit.). We have used several different 
corticosteroids and numerous urinary corticosteroid fractions as reducing agents 
for the copper reagent. The reduction products thus obtained have been reacted 
with several different lots of the arsenomolybdate reagent. The absorption 
spectrum of the resulting molybdenum blue has been determined and found to 
be the same in all cases, with a peak at 750 mp. Fig. 2 shows the plot of a typical 
absorption curve obtained as above, as well as the previously reported curve. 
Because of this discrepancy we prepared molybdenum blue by following the 
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procedure of Nelson exactly, ie., using glucose solutions of appropriate con- 
centrations as reducing agents in place of corticosteroids. The resulting ab- 
sorption spectra were again the same in all cases and identical with those we 
previously obtained. The optical densities of these solutions at 500 mya were 
almost identical with those reported by Nelson for corresponding e@luecose con- 
centrations. 
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Fig. 2. 


Kach process of reducing a heteropoly acid to a molybdenum blue is said 
to give a system of somewhat different light absorptive characteristies.'2 Since 
it is the cuprous ion that is the reducing agent in all these cases, it is to be ex- 
pected that the same characteristic absorption curve has resulted in all of our 
experiments. The complexity of the chemistry involved in molybdenum blue 
formation precludes any ready explanation of the discrepancy between the 
reported absorption spectrum and that which we observed. But the spectrum 
is independent of the reducing agent for the copper reagent, of the lot of arseno- 
molybdate, and is not affected by the methanol which is used in the corticosteriod 
but not in the glucose determination. 
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These absorption curves indicate that for optimal results the colorimetric 
measurements should be made at 750 my instead of 660 my, as originally recom- 
mended.’ Fig. 3 is a plot of optical density against quantity of desoxycortico- 
sterone, densities being read at 750 mp and 660 my. The values for our optical 
densities at 660 mp when corrected for the difference in path-length are in close 


agreement with those reported by Talbot® for corticosterone, 17-hydroxycortico- 
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sterone, and dehydrocorticosterone. As can be seen the sensitivity of the method 
can be increased by 50 per cent by measuring the optical density at 750 mu. 
This increased sensitivity is important since one of the limitations of the method 
is due to the small quantity of corticosteroid which is available for measurement.” 
All spectrophotometrie readings for the analyses recorded in Tables I and II] 
were made at 660 my as well as 750 mp. There is no essential difference between 
the resulting analytical values. 

The stability of the molybdenum blue color observed in the glucose determi- 
nation'’ is no longer found in the method as modified for corticosteroid analysis. 
The absolute and relative densities of blanks, standards, and unknowns change 
appreciably after several hours. The advantage of a single reducing agent in 
molybdenum blue formation is the constancy of the resulting absorption 
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spectrum. The presence of several reducing substances or reducing groups (e.2., 
a-ketol and a, B-unsaturated ketone) in variable proportions may give unpre- 
dictable variations in molybdenum blue spectrum with resulting lack of com- 
parability of different mixtures. The primary purpose in acidifying the urine 
immediately prior to extraction is to minimize chloroform-seluble basie sub- 
stances in the initial extracts, since they would not be removed during any sub- 
sequent step. We have no explanation for our failure to observe a significant 
elevation in urinary corticosteroid content as a result of acidification. In those 


' the corticosteroid fraction was 


cases where an elevation has been shown,'* 
isolated by a simpler procedure. 

The quantitative color reaction used in the Talbot method measures only 
the total reducing power of the solution under assay. Thus the validity of 
the analytical results depends on the selectivity and specificity of the extraction 
procedure for isolating the hormones. The extraction procedure is designed 
to eliminate nonsteroidal urinary reducing agents while isolating the compounds 
it is desired to assay. The analysis of these more highly purified fractions con- 
firms the finding of elevated or normal urinary-reducing corticosteroid excretions 
in patients with liver disease observed by previous workers.*~ 

Goldman and Bassett* have studied diurnal variations in neutral reducing 
lipids by the method of Heard!’ in patients with cirrhosis of the liver with 
ascites. Twenty-four hour urinary corticosteroid excretion was found to be 
relatively constant and not significantly different from normal. They found 
the exeretion of corticosteroids in cirrhosis with few exceptions to be proportional 
to the excretion of creatinine, and suggested that steroid excretion might be 
proportional to glomerular filtration rate. Our findings in normal individuals 
(Table 1) indicate that normal corticosteroid excretion as measured by the Tal- 
bot method is proportional to creatinine excretion. In patients with liver dis- 
ase, however, corticosteroid excretion is not related to creatinine excretion 
(Table IIT). 

Using the eosinophil response to epinephrine and the hyaluronidase- 
fluorescein skin test, Finestone’’ reported inadequate adrenocortical function 
in patients with portal cirrhosis. If urinary corticosteroid excretion can be 
considered an index of adrenocortical activity, our data show no impairment 
of adrenocortical function in patients with liver disease, but rather the ability 
of their adrenals to respond by varying cortical hormone outputs from day to 
day. Using ACTH for the evaluation of adrenocortical function, Kisenmenger* 
has found the adrenals in cirrhoti¢s to be responsive. 

Eisenmenger's has found a general retention of sodium in patients with 
cirrhosis of the liver with ascites. The relation of the corticosteroids as measured 
chemically to adrenal hormones involved in sodium retention and fluid balance 
has not been determined. Addisonian patients usually have subnormal urinary 
corticosteroid values as measured by the Talbot method,* but occasionally excrete 
normal amounts. Thus, at least a portion of the hormones measured by the 
Talbot method is involved in mineral metabolism. However, the variations in 
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hormone excretion which we observed were not related to the rates of fluid 
accumulation, 

In purifying urinary corticosteroids for assay by the Talbot method, the 
concentrate obtained by ehloroform extraction of urine is subdivided into three 
fractions. The concentrate is first partitioned between water and benzene to 
vive benzene (Fraction 1) and water soluble fractions. The latter is separated 
into nonketonie (Fraction Il) and ketonie (Fraction IIL) moieties by the 
Girard procedure. Ultraviolet absorption spectra were run routinely using a 
Beckman DU spectrophotometer on Fractions I, I], and IIL obtained from all 
specimens analyzed. 

Fieure 4, 4 shows the type of absorption spectrum given by samples of 
Fraction | from approximately 70 normal and pathological urine specimens. 
This type of curve, with steadily increasing absorption as the wave length 
decreases, and no absorption peaks, is characteristic of the general absorption 
shown by very complex mixtures. Fraction I would be expected to contain any 
less highly oxygenated steroids than Compounds E and F, such as corticosterone, 
dehydrocorticosterone, and desoxycorticosterone,’ if present unconjugated in 
urine. Samples of desoxyeorticosterone added to urine are recovered in 80 to 
90 per cent vield in Fraction I. These recovery analyses on Fraction I were 
by the formaldehydogenic method and the /\*-3-ketocorticosteroid procedure 
described under Methods above. The presence of even very small amounts 
of /\*-3-ketocorticosteroids is manifested by absorption peaks near 240 my 
(ef. discussion of Fraction IIT below). Table I1V demonstrates that Fraction I 
is well adapted to the detection and analysis of /\*-3-ketocorticosteroids by ultra- 
violet absorption peaks. A 0.2 mg. quantity of desoxyeorticosterone or /\*-3- 
ketocorticosteroid would have been detectable in many of the samples of Fraction 
I. The failure to detect the presence of desoxyeorticosterone in urine is in 
accordance with the observations of other workers."® 

Samples of Fraction I] usually show a well-defined absorption peak at 272 
mu. This peak is repeated at reduced intensity in the corresponding samples of 
Fraction IIT, but is not found in Fraction III when it is absent from Fraction 
II. Since Fraction IIT is analyzed for corticosteroids by the Talbot method, the 
substance responsible for the peak was identified in order to determine whether 
it interfered in the analysis. Samples showing the peak when combined and 
recrystallized from ethanol gave a white crystalline solid identical in melting 
point with caffeine. Mixed melting points with an authentie specimen of 
caffeine showed no depression, and the absorption spectrum of the purified 
material proved to be identical with that of caffeine. 

The Girard procedure is frequently employed in the purification of natural 
products to separate ketonie from nonketonie substances. The finding of the 
nonketonie compound, caffeine, in the ketonie fraction demonstrates the fallibility 
of the procedure with regard to this specifie compound, and indicates one 
mechanism whereby nonketones are included in the ketonie fraction. For this 
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reason the distribution of eaffeine between ketonic and nonketonie fractions in 
the absence of the accompanying substances present in urinary extracts was 
determined as follows: a 3 mg. sample of caffeine was put through the Girard 
procedure in the usual way. A blank consisting of reagents and solvents, lack- 
ing only the caffeine, but otherwise identical, was treated in the same way. The 
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concentration of caffeine in the ketonic and nonketonie fractions was then 
letermined as follows: spectral densities of the caffeine containing solutions 
and the corresponding blanks were measured at 272 mz. The spectral density 
of the blank is subtracted from that of the corresponding -affeine-containing 
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TABLE IV. ANALYSES BY ULTRAVIOLET ABSORPTION OF KNOWN AMOUNTS OF 
DESOXYCORTICOSTERONE ADDED TO SAMPLES OF FRACTION [L FROM URINE 
CONCENTRATIONS OF DESOXYCORTICOSTERONE, MG./ML. 

Il. CALCULATED AFTER ADDING A Il. FOUND BY 
I. BY ANALYSIS KNOWN AMOUNT OF DESOXY ANALYSIS OF 
OF EXTRACT CORTICOSTERONE TO 1 SPIKED EXTRACT 
] 0 0.0128 0.0122 
2 0 0.0128 0.0129 
4 0 0.0222 0.0217 
4 0 0.0124 0.0714 
TABLE V. DISTRIBUTION OF CAFFEINE AND DESOXYCORTICOSTERONE IN THE GIRARD PROCEDURE 
AMOUNT IN 
AMOUNT IN AMOUNT IN NON- TOTAL KETONIC FRACTION 
AMOUNT KETONIC FRACTION | KETONIC FRACTION AMOUNT BY CORTICOSTEROID 
TAKEN BY U.V. ABSORPTION | BY U.V. ABSORPTION RECOVERED ANALYSIS 
(MG. ) (MG. ) (%) (MG. ) (UW) (MG. ) (%) (MG. ) 
3 (caffeine ) 0.13 1.3 2.76 g? 2.89 96.3 0.00 
1 (desoxy- 0.88* 88.0 0.00* 0 0.88 $8.0 0.89 
corticoste 
rone ) 
*Analyzed as At-3-ketocorticosteroid as described under Methods. 


The 
coneentration of caffeine in milligrams per milliliter was then obtained by the 


solution to give the density increment resulting from the caffeine present. 


relation C = 
49.5 


(where 49.3 is the specific extinction coefficient of caffeine ), 
and the total amount of caffeine by multiplying its concentration by the dilution 


factor. The results are recorded in Table V. The possibility of interference by 
caffeine (or products derived during the Girard procedure) in the analysis 
for corticosteroid hormones was checked by analyzing the ketonic fraction from 
the caffeine separation by the corticosteroid method, Corticosteroid-reacting 
material was absent. Thus, caffeine in amounts ordinarily extracted from urine 
does not interfere in the corticosteroid analysis. A 1 mg. sample of desoxy- 
corticosterone was put through the Girard procedure as a check of its specificity 
in our hands. The results, shown in Table V, are in good agreement with those 
observed by Talbot.?. The presence of a nonketonic material such as caffeine in 
the ketonie fraction is a result of its high water solubility. This property results 
in its incomplete extraction during the removal of nonketonie material. Caffeine 
has long been known as a minor urinary constituent, and has been identified 
as a component of crude urinary corticosteroid extracts,?’ but its presence in 
the ketonie fraction has not been shown previously. 

Absorption spectra plotted from samples of Fraction III fell into the fol- 
lowing categories: (a) curves showing steadily increasing absorption as the 
wave length decreases (Fig. 4, B, curve 1), and (b) curves showing an absorp- 
tion peak near 235 mp (Fig. 4, B, curve 2). The general absorption shown by 
curve 1 was discussed under Fraction I. Because this type of curve is approxi- 
mately linear in the region from 225 to 255 my, the constituents whose combined 


absorption this curve represents can be corrected for by the method of Brice?’ 
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as was done for spiked samples of Fraction I in Table IV. Substances giving 
a peak in this region are determined by this method as follows: the total 
absorption, representing the peak absorption and the nonspecifie absorption is 
first measured. The nonspecific absorption having the characteristic shown by 
curve 1 is then subtracted from this total, the difference representing the econ- 
tribution to absorption by the substances giving the peak. This subtraction is 
carried out as described under Methods and is valid only if the background is 
linear or approximately linear. The slope of the background has no influence 
on the correction. 

The common active adrenal cortical hormones do not show peaks at 235 my, 
hut all do have strong absorption bands near 240 my from the a, B-unsaturated 
carbonyl grouping in ring A. It is well known that shifts in absorption maxima 
result from the presence of any absorbing background which cannot be repre- 
sented as a straight line parallel to the x-axis. The type of absorption back- 
ground which rises steadily as the wave length decreases displaces superimposed 
absorption maxima to shorter wave lengths. To illustrate: Fig. 4, (@ shows 
a typical Fraction II] general absorption curve (curve 1). Curve 2 is the 
absorption of a sample of pure desoxycorticosterone, showing the peak at 240 
mu. Curve 3 results when a small amount of desoxveorticosterone is added to 
the sample showing general absorption, and demonstrates the shift in peak 
toward shorter wave lengths. The extent of the shift is a function of the eon- 
centration of the compounds giving the peak and the slope of the background. 
Of 26 specimens of Fraction IIL showing general absorption (4, B, eurve 1) 
nineteen had a slope of 7 to 183 optical density units per mp in the 225 to 255 my 
range. The baekground assumed for specimens of Fraction II] showing absorp- 
tion peaks is obtained by connecting the 225 and 255 mp optical density read- 
ings. Of 30 specimens of Fraction IIL showing absorption peaks, 22 showed a 
hackground slope of 7 to 13 optical density units per my. Background having 
a slope of 10 optical density units per mp causes a shift of the desoxycorticos- 
terone (cone. 0.010 mg. per milliliter) absorption peak from 240 to 256 mu. 
Most of the samples of Fraction II] were analyzed at this concentration of 
/\1-3-ketocorticosteroid, 24 peaks being in the range 234-257 mp. Steeper slopes 
of background displaced peaks to still shorter wave lengths, and lower slopes 
gave peaks at 238-240 my. Thus, the position of the peak in specimens of 
Fraction IIL from urine correlates well with that predicted from the slope of 
the background. It should be recalled that the method for /\*-3-ketocortico- 
steroids will correct for any linear background regardless of slope. 

Fie. 4, D, curve 1 is a typieal sample of Fraction IIT showing the 235 my 
peak; 2 is the absorption curve of pure desoxycorticosterone. Curve 3 results 
from adding a small amount of desoxycorticosterone to the sample of Fraction 
111 showing the peak. It should be noted that the superimposed peak is at 
‘xactly the same wave length as the original Fraction IIT peak. 

The precision with which /A1-3-ketocorticosteroids can be determined was 
‘hecked as follows: known quantities of desoxycorticosterone were added to 
previously analyzed samples of Fraction ILI, and the spiked samples were then 
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reanalyzed. The results are recorded in Table VI. Several samples of Fraction 
II1 from urine were analyzed, then diluted to half their original concentration, 
reanalyzed, and found to give the same value for total hormone content. A 
specimen which on analysis proved to have a concentration of 0.0098 mg. per 
milliliter was taken to dryness, redissolved in ethanol, and the following con- 
centrations made up by dilutions to caleulated volumes: 0.0208 mg. per 
milliliter, 0.0156 mg. per milliliter, 0.0078 mg. per milliliter. These specimens 
when reanalyzed gave the cireled optical densities shown on Fig. 1 plotted 
against their known concentrations. These data indicate that reasonably precise 
determinations of /\4-3-ketocorticosteroid content ean be made by this pro- 
cedure. 

Compounds E and F, which have been isolated from human urine,*” ***° 
have an a, B-unsaturated carbonyl group in ring A, which confers a strong 
absorption band near 240 mu. The evidence presented above suggests that the 
peak near 235 mu in Fraction IIT reflects the presence of these and possibly 
other adrenal cortical hormones. Enzyme systems present in the liver have been 
shown to reduce the a, B-unsaturated carbonyl groups in ring A of testosterone”? 
and desoxycorticosterone.2* Perfusion studies using isolated rat livers have 
shown that added cortical hormones disappear rapidly from the blood, the new 
eompounds which appear no longer retaining the a, B-unsaturated earbony! 
group in ring A.2° The impairment of this function in liver disease is a possible 
explanation of the observed elevated /\4-3-ketocorticosteroid excretion. A de- 
ficiency in conjugation of this type of compound, or an over-all impairment in 


TABLE VI. ANALYSIS BY ULTRAVIOLET ABSORPTION OF KNOWN QUANTITIES OF DESOXYCORTI- 
COSTERONE ADDED TO SAMPLES OF FRACTION ITI. 


Il. CALCULATED /\4-3-KETO- <i 


CORTICOSTEROID CONTENT Ill. A 4-3-KETOCORTICO- 
I. A 4-3-KETOCORTICOSTE AFTER ADDITION OF A KNOWN STEROID CONTENT OF 
ROID IN EXTRACT BY | QUANTITY OF DESOXYCORTI- SPIKED SAMPLE BY 
ANALYSIS (MG.) COSTERONE (MG.) | ANALYSIS (MG.) 
1. 0.071 ; 0.135 0.135 
2. 0.031 0.095 0.099 
a 0.030 0.050 0.052 
4. 0.006 0.033 0.055 
yy 0.013 0.077 0.079 


conjugating power in liver disease, could also account for the elevated /\4-3- 
ketocorticosteroid excretion, as well as the elevated corticosteroid excretion 
shown by the Talbot method. 

In the measurement of reducing corticosteroids by the phosphomolybdate 
method,’® both the a-ketol group of the side chain and the a, B-unsaturated 
carbonyl group in ring A are measured. Thus, compounds containing both of 
these groupings will be measured twice. The corticosteroid mixture excreted 
in patients with liver disease according to the above evidence differs qualita- 
tively from that of normal individuals by an inereased number of reducing 
groups per molecule. This may account in part for the observed elevation in 
liver disease of corticosteroid excretion® °° when measured by this method, 
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Ultraviolet absorption spectra on the ketonic fractions of urinary cor- 
ticosteroid extracts have been reported to show the presence of /\* °-androsta- 
dienone,*? which gives a strong peak at 234 mp. The benzene-water partitioning 
procedure, which eliminates compounds of this type” °° with low oxygen 
content and low water solubility, was omitted by these workers. Interference 
by unconjugated ketosteroids in our determination of /\*-5-ketocorticosteroids is 
unlikely in view of Talbot’s findings on the partitioning of dehydroisoandro- 
sterone between benzene and water which was confirmed by us. Ineidentally, 
only 6 per cent of a one milligram sample of progesterone is found in the 
aqueous phase when similarly partitioned. 

Sixteen specimens of Fraction II], five from normals and eleven from 
patients with liver disease, gave absorption curves showing low peaks in the 
range below 236 mu. Twelve of these had a slope of 7 to 13 optical density 
units per mp in the 225 to 255 mu range. If any /A‘*-3-ketocorticosteroids were 
present in these fractions, their concentration relative to the substances giving 
the background were so low that no reliable analysis could be made. The presence 
of enough eaffeine in the ketonie fraction (Fraction IIT) to give a strong peak 
at 272 mp prevents analysis for /\*-3-ketocorticosteroids. Caffeine absorbs 
strongly below 240 my, the rise being almost vertical below 230 my, thus effee- 
tively smoothing out any 235 my peaks. 

The Talbot method measures corticosteroids which will reduce the copper 
reagent, i.e., a-ketols (1). Periodie acid oxidation liberates formaldehyde from 
Coo, Co,-diols (IT) as well as from I. Thus, analytical values obtained by the 
formaldehydogenie method will be higher than those by the Talbot method, the 
excess presumably being I]. Measurement of 


CH.OH CH.OH 

| rue 
C=O CHLOH O 

[ I] LI 


/\1-3-ketocorticosteroid (IIL) content does not specify whether this grouping 
is present in compounds of types I or II. In normal individuals the content 
of III is always less than the amount of I. In patients with liver disease the 
content of III is apt to exceed the amount of I, although always less than the 
total of IT and II. This indicates that the keto group in at least a portion of the 
compounds of Group II is in the configuration as shown at III in patients with 
liver disease. 
SUMMARY 
1. Urinary corticosteroid excretion in cirrhosis may be normal or elevated, 
ind is characterized by extreme day-to-day variations. 
2. The excreted hormones differ qualitatively from those found normally, 
n containing an increased proportion of /\*-3-ketocorticosteroids, 





SCHEDL, DITTO, AND BEAN meas oor 


3. In normal persons cortical hormone exeretion is roughly proportional 


to creatinine exeretion and to surface area. These relations do not hold in 


patients with liver disease. 


4. Caffeine, a nonketonic substanee, was shown to be a constant contaminant 


of ketonie fractions, illustrating one mechanism for the contamination of frae- 


tions purified by the Girard procedure. 


The authors gratefully acknowledge the technical assistance of D. P. Schumacher, T. R. 


Schumacher, and B. M. Stevenson. 
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STUDIES OF LIVER FUNCTION TESTS 
I11. DerPpENDENCE OF PERCENTAGE CHOLESTEROL ESTERS 
Upon THE DEGREE OF JAUNDICE 


LESLIE ZIEVE, M.D., PH.D. 
MINNEAPOLIS, MINN. 


T IS generally believed as a result of various reports *° * '? that reduction 
| of the percentage of serum cholesterol esters indicates diffuse hepatocellular 
disease, and that the degree of reduction parallels the severity of the liver 
disease. Beeause of our elinical observation that a very low percentage was 
almost invariably found in severely jaundiced individuals, we were led to plot 
and study the relationship of per cent cholesterol esters and serum bilirubin. 


METHODS AND MATERIALS 

Laboratory data were available from 360 patients including cases of cirrhosis (119), 
acute viral hepatitis (70), common duct obstruction (90) due to carcinoma (57) or due to 
stone, stricture, or inflammation (53), and a miscellaneous group of patients (81) represent- 
ing a wide variety of diseases in which the liver was involved. Approximately one-half of 
the patients were studied at the Veterans Hospital. The remainder were studied at the 
University Hospitals, the data being taken from a report by Hoffbauer and associates.7 
All cholesterol determinations were by the method of Schoenheimer and Sperry,11 bilirubin 
determinations by the method of Malloy and Evelyn® modified to include a direct reading 
at one minute.1 Cephalin cholesterol flocculation (CCF) and thymol turbidity (TT) values 
were available for comparison. The former was determined by the method of Hanger,> the 
latter by the method of MacLagan.?, 10 


RESULTS AND INTERPRETATIONS 

Seatter diagrams relating the percentage of cholesterol esters (%CE) to 
the logarithm of the one-minute serum bilirubin (1’B) were prepared as shown 
in Figs. 1 and 2. The four disease groups are portrayed separately in Fig. 1 
and compositely in Fig. 2. A high curvilinear relationship, which is essentially 
similar for each disease group, is noted. In Fig. 2 the various diseases are 
almost completely intermixed. The correlation ratio is 0.82. Considering the 
circumstances of the data collection (three different laboratories and at least 
six different technicians) it seems likely that the variability portrayed is ex- 
cessive, and that the true correlation is higher. The correlation with total 
bilirubin (TB) coneentration is essentially similar, as shown in Fig. 3. 

It is evident that irrespective of the disease process the percentage of 
cholesterol esters decreases rapidly as the 1’B rises above 1.0 mg. per cent (or 
the TB above 2.0 mg. per cent). The pattern of decrease is essentially the same 
insiinat amet Onteotuar oF Sh gg and the Radioisotope Unit, Veterans Administration 

Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the author are the result of 
his own study and do not necessarily reflect the opinion or policy of the Veterans Adminis- 


tration. 
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for each disease group, an observation contrary to expectation were hepato- 
cellular damage the determining factor. It is well known that in any unselected 
vroup of patients with viral hepatitis most of the cases will have abnormal 
liver funetion, and the more severely ill cases will be more severely jaundiced 
venerally. Contrariwise in any unselected group of cases with obstructive 
jaundice most of the cases will have comparatively normal liver function. Were 
liver dysfunction per se the determining factor, proportionately far fewer of 
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Fig. 1.—Relationship of per cent cholesterol esters to one-minute bilirubin, by disease group. 


he obstructive jaundice than hepatitis or cirrhosis cases should have cholesterol 
ster percentages below 50 per cent. This however is not the case, as is clear in 
“ig. 1. Forty-eight per cent of the obstructive jaundice and 47 per cent of the 
epatitis cases had values below 50 per cent. Only 18 per cent of the cirrhosis 
roup had cholesterol ester percentages below fifty. 
The relationship of percentage cholesterol esters to other measures. of 
ver dysfunction is influenced by the extent to which jaundice is associated 
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with severity of dysfunction. This is clearly seen in Tables 1 and IT where 
various degrees of abnormality of the cholesterol ester test are related to various 
degrees of abnormality of the cephalin floceulation (forty-eight hours) and 
thymol turbidity tests. In obstructive jaundice there is no correlation between 
the percentage cholesterol esters and the CCF and TT tests. Comparatively 
few cases have abnormal values on the latter tests, yet nearly half have 


cholesterol ester percentages below fifty. In contrast, as seen in Fie. 1 and 
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Table II, the correlation of @CE and serum bilirubin is high. In hepatitis, in 
which the extent of jaundice correlates well with the degree of hepatocellular 
damage, the correlation between %CE and the CCF and TT tests is quite high, 
though not so high as its correlation with the serum bilirubin. The same high 
correlation between %CE-and serum bilirubin is observed in the patients with 
cirrhosis. However, severity of the jaundice in cirrhosis is but poorly correlated 
with the severity of the disease. In similar fashion the percentage of cholesterol 
esters is but poorly correlated with the CCF and TT tests. 

It thus appears that the reduction in pereentage of cholesterol esters is 
highly dependent upon the degree of jaundice and largely independent of the 
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mber { 

degree of hepatocellular damage. Those diseases, such as acute hepatitis and 
common duct obstruction, which are characterized by moderate or severe jaun- 
dice, vield the greatest number of low values. Fewer low values are found in 
cirrhosis and the miscellaneous diseases, probably primarily because severer 
grades of jaundice are less frequent. 

The correlation portrayed is not perfect, and to a certain limited extent a 


decrease in per cent cholesterol esters does represent hepatocellular damage per 
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Fig. 3.—Relationship of per cent cholesterol esters to total bilirubin. Composite plot. 


se. However, by and large, a low percentage tells us merely that the patient is 
aundiced. Before we can interpret the %CE properly, as a measure of 
iepatocellular dysfunction in the jaundiced patient, an allowance must be made 
or the degree of jaundice. 


SUMMARY 


Seatter diagrams relating the percentage cholesterol esters to the logarithm 
the one-minute or total serum bilirubin concentrations were prepared for 
ich of four groups of patients with liver diseases including cirrhosis, acute 
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ABNORMALITY OF THE SERUM 
RELATION TO 


TABLE I. PERCENTAGE INCIDENCE OF VARIOUS DEGREES OF 
BILIRUBIN, CEPHALIN FLOCCULATION, AND THYMOL TURBIDITY TESTS IN 


DEPRESSION OF CHOLESTEROL ESTERS 
RANGE |NO. OF 1’B (MG. %) TB (MG. %) 
DISEASE OF %CE |CASES| <1.0 <2.0 <4.0 = 4.0) < 2.0 <40 | <30 | 260 
All cases > 60 209 ~—té«‘“7238d? &8 09 0) 66 S9 gy 1 
50-59 45 9 31 D5 45 2 29 73 27 
30-49 56 0) 9 15 5d 0 9 50 50 
< 30 a0 0 2 2 QS 0 0 6 Q4 
5 CCR-48 HR. |TT (UNITS) 
24 <3+ | <4+ 44 <6.0 | <11.0 | <16.0 |= 16.0 
Obstructive > 60 27 100 100 100 0 100 100 100 0 
jaundice 50-59 1S 9 S89 100 0 94 100 100 0 
50-49 15 SO 93 93 7 93 100 100 0 
<30 17 94 94 94 6 94 100 100 0 
Hepatitis > 60 25 20 60 S4 16 28 52 S4 16 
50-59 12 i7 3 59 41 33 67 92 Ss 
30-49 IS () 17 56 14 11 44 S3 17 
< 350 15 0 13 46 a4 13 $() 60 4() 
Cirrhosis > 60 6S 34 50 75 5 47 89 Q3 7 
50-59 16 6 25 50 50 3 56 62 38 
30-49 16 19 ai $4 D6 95 56 59 31 
< 50 if) 16 16 De O7 50 66 73 17 
TABLE IIT. PERCENTAGE INCIDENCE OF HIGH AND LOW VALUES OF PERCENTAGE CHOLESTEROL, 


ESTERS IN RELATION TO SERUM BILIRUBIN, CEPHALIN FLOCCULATION, AND THYMOL TURBIDITY 


CASES RANGE OF QYCE 





DISEASE rEST NO. | % >50 | <50 
Obstructive 1'B <2.0 me. % 23 26 Q6 4 
Jaundice >2.0 mg. % 67 74 37 63 
TB <4.0 mg. % 26 29 9] 9 

=4.0 mg. % 64 “p. 30 67 

CCK 0-2 + 73 95 57 43 

O-4 + 3) 50 50 

TT 0-10 units rh | 100 o8 42 

=11 units 0 0 0 0 

Hepatitis 'B <2.0 mg. % 19 27 S4 16 
=2.0 mg. % 51 73 +] a9 

TB <4.0 mg. % 19 Parl S9 11 

=4.0 mg. % a1 75 39 61 

CCK Q-2 + 24 3 79 21 

3-4 + 16 66 39 61 

Be 0-10 units oD D0 60 40 

=11 units 35 50 16 54 

Cirrhosis 'B <2.0 mg. % 89 75 98 2 
>2.0 mg. % 30 25 oe 67 

TB <4.0 mg. % a] 76 97 3 

=4.0 mg. % 28 24 36 64 

CCF 0-2 + 44 42 86 14 

3-4 4 62 5S 74 26 

IZ 0-10 units 82 77 84 16 

=11 units 24 23 63 37 


viral hepatitis, 
the liver is involved secondarily. 


common duct obstruetion, and miscellaneous disorders in whiecl 
A high inverse curvilinear relationship be 


tween percentage cholesterol esters and serum bilirubin, essentially similar fo: 


each 


disease 


group, 
irrespective of the degree of hepatocellular damage, vielded the lowest values 


Was 


noted. 


Diseases characterized by severe jaundice 
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The percentage of cholesterol esters is reduced slightly in the presence of liver 


disease without jaundice. However, moderate or marked reductions indicate 


generally moderate or severe jaundice. 


i. 
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THE FAILURE OF ANTISTREPTOLYSIN TO PROTECT 
AGAINST STREPTOCOCCAL INFECTION 
Morton HampBurcer, M.D.,* aNp Henry M. Lemon, M.D.** 
CINCINNATI, OHIO 


HOUGH it is generally believed that the immunity conferred by a recent 

hemolytic streptococcal infeetion is type-specific,’ = actual reports of attacks 
by a heterologous type following recovery from a Group A streptococcal infec- 
tion are sparse.*-’ In studying a small outbreak of Type 17 infeetions following 
in the wake of a larger epidemic of Type 19 cases in an Army Student Training 
Program (ASTP) unit, we encountered 6 instances of Type 17 infection among 
men who had recently recovered from Type 19 and had aequired elevated 
antistreptolysin titers. In addition to these 6 were 2 others where Type 17 in- 
fections occurred in men exhibiting high antistreptolysin titers, though the 
serological type of streptococcus which gave rise to these titers had not been 
established. It is the purpose of this paper to report this experience. 

During the winter and spring of 1945, 203 students belonging to the ASTP 
unit at the University of Utah in Salt Lake City lived in a large field house. 
Of these, 169 entered the unit on March 12, the remaining students having 
been in residence all winter. On Mareh 12, the opening of the new school term, 
‘ases of nasopharyngitis, tonsillitis, and scarlet fever began to appear. During 
the next six weeks, more than 40 per cent of the boys in the unit were hospitalized 
in the Station Hospital at Fort Douglas, Utah. Many others were seen on sick 
eall but were not ill enough to warrant hospitalization. On April 19, at the 
request of Col. Luther R. Moore, Chief Surgeon of the Ninth Serviee Command, 
and Lt. Col. John W. R. Norton, Chief of Preventive Medicine in the Ninth 
Service Command, a study of the epidemie was undertaken by the Commission 
on Air-Borne Infections. Nose and throat cultures were made on all of the 
students on April 19 and 20. One hundred sixteen men harbored Group A 
streptococci in their throats, of which 76 were Type 19. Seven were Type 17, 
11 were Type 3, and the remainder were miscellaneous types. 

The over-all nasal carrier rate was 40 per cent. In an attempt to assess 
the effect of treatment of the nasal carriers two measures were instituted be- 
fore it was possible to type any of the cultures. First, all carriers in the unit 
who exhibited strongly positive nose cultures were given 1 Gm. of sulfadiazine 
each day, beginning April 21.’ Second, their beds were moved to one end of 

These investigations were conducted by the Commission on Air-Borne Infections, Army 
Epidemiological Board (now the Armed Forces Epidemiological Board), and were supported 
by the Office of the Surgeon General, Department of the Army, through a contract with the 
University of Chicago. 
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the field house and separated by partitions from those of the remainder of the 
men. However, they were permitted to mingle with the rest of the group just 
as they had before. Cultures of the noses of the nasal carriers were made 
daily for four days and then every two to five days through May 16. The 
effect of sulfadiazine treatment on the nose cultures was strikine in most 
instances but disappointing in others. Later, when typing of the various 
strains had been completed, it became evident that the good results were ob- 
tained in carriers who had harbored Type 19 streptococci or else Type 3 or 5, 
whereas those whose cultures remained positive were found to carry Type 17.* 

During the administration of sulfadiazine to the group, 5 of the men who 
had harbored Type 19 streptococci in the nose and throat, and one Type 3 
carrier, all of whose cultures had become negative under treatment, developed 
Type 17 infection. In addition to these, 2 others whose cultures had been 
negative at the time of the original survey but whose antistreptolysin titers 


) 


were 333 and 500, respectively, became infected with the Tvpe 17 strain. 


METHODS 
Nose and throat cultures were made by a technique previously deseribed.9 Typing 
and grouping of streptococci were performed by the method of Swift, Wilson, and Lance- 
field.10  Antistreptolysin titers were determined by the method of Rantz and Randall." 


RESULTS 
Analysis of Cases —Table I summarizes the data in the 8 cases. Five’ * * * ° 
had reported to sick call with sore throats, and two of them had been hospital- 
ized. Of these, all but Case 6 (Type 3) were Type 19 infections. The anti- 
streptolysin titers were just above the upper limit of normalt in Cases 2 and 3, 
but were moderately or greatly elevated in the other cases. Case 6 was infected 
with a strain of Type 3 streptococcus which had been observed to give rise to 
unusually high antistreptolysin titers at Camp Cerson, Colo., in 1944.1" Case 5, 
the only patient who did not have a sore throat, reported to sick call during 
April with a “cold.” No cultures were made then, but on April 19, at the time 
of the Commission’s survey, large numbers of Type 19 streptococci were found 
in both his nose and throat. Tis antistreptolysin titer was 250. Data regarding 
the presence or absenee of svmptoms in Cases 7 and 8 are lacking because they 
had negative nose and throat cultures at the time of the April 19 survey. It 
was not feasible to interview at that time any students whose cultures were 
negative. However, blood was drawn from both carriers and nonearriers for the 
purpose of antistreptolysin determination. These were completed during the 
summer months. It was then found that Cases 7 and 8, who had aequired 
severe Type 17 infections necessitating hospitalization in the second half of 
\lay, had antistreptolysin titers of 333 and 500, respectively, on April 23 and 
33 and 625, respectively, on May 25. Thus, the presence of high anti- 
‘treptolysin titers did not protect them against another streptococeal infection. 





*The correlation of in vitro sulfonamide resistance of these strains with the clinical re- 
ilts has been reported elsewhere... Small doses of sulfadiazine are more effective against 
reptococei in the nose than against the same strain in the throat.’ 

7125 units was accepted as the upper limit of normal.” % 
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Another point of considerable interest pertains to the production of skin rash. 
During the Type 19 epidemic several cases of scarlet fever due to this type were 
admitted to the hospital. However, among men who failed to develop a rash 
were Case 2, hospitalized on April 1 with a sore throat, and Case 3 who reported 
to sick call with the same complaint on March 19. Despite their failure to dis- 
play rashes when infected with a known searlet fever producing strain, they 
exhibited clinical scarlet fever four and six weeks later when infected with a 
different scarlatinogenic strain, namely Type 17. This suggests that erythro- 
genie toxin elaborated by one strain of Group A streptococcus may be immuno- 
logically different from that produced by another strain. Dick tests were not 


done during this study. 
DISCUSSION 


That streptococcal infection by a given Group A type does not confer im- 
munity against other types was first reeognized by the English in the 1920's and 
1930’s.** * ° During several studies of eross-infection on searlet fever wards the 
observation was repeatedly made that purulent complications of scarlet fever 
were frequently eaused by a different serological type from that which had 
caused the original infection. It was even observed that children who were 
recovering from searlet fever could become reintected with a different sero- 
logical type of streptococcus within a few weeks and develop a second attack 
of searlet fever, including a typical rash.*\* In these cases the Dick test re- 
mained positive after the first attack but became negative after the second. 
In one of these papers* Allison and Gunn reviewed the evidence in favor of the 
hypothesis that qualitative differences exist between the toxins of different 
strains of searlatinal streptococei—a hypothesis which our experience at Fort 
Douglas would seem to support. Allison and Brown in 1937° were inclined to 
attribute the phenomenon of reinfection to a low degree of immunity which 
occurred following mild cases of searlet fever caused by certain serological 
types. They stated, ‘We feel that the sceurrence and degree of clinical mani- 
festation when a patient is reinfected a. ‘nds upon the solidity of the immunity, 
antitoxie and antibacterial, built up as a result of infection by the primary 
type, and on the dose and virulence of the reinfecting strain.” 

Unfortunately we have no serological test which accurately measures 
‘solid’? immunity. In facet, the data presented in this paper demonstrate 
that the most reliable serological index of streptococcal infection available 
at the present time, namely, the antistreptolysin titer, is not a measure of im- 
munity but rather merely evidence of fairly recent biological contact with 
hemolytic streptococci. Several of our eases (Cases 1, 4, 8), despite the exhibi- 
tion of antistreptolysin titers of 500 or more, were not protected from strepto- 
coccal infections severe enough to necessitate hospitalization. Our experience 
lends support to the views expressed by Rantz and associates’ that resistance 
to streptococcal infection may be type specific and that any suitable vaccine 
prepared for the prevention of hemolytic streptococcal infection would have 
to be polyvalent in order to be effective. 
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TABLE I. PATIENTS INFECTED WiTH M-17 HEMOLYTIC STREPTOCOCCUS SHORTLY AFTER 
RECOVERY FROM INFECTION WITH Tyre M-19 oR TYPE M-3 


ORIGINAL INFECTION 
( MARCH-APRIL ) 


CULTURE 


SURVEY ON TYPE 17 INFECTION 
APRIL 19 ASL TITER ( APRIL-MAY ) 
CLINICAL DATA TO NC 23 APR. 25 MAY DATE CLINICAL DATA TC 
Sore throat. + ++ D00 S Sore throat, fever ++4 
Hosp. 18 Mar. 19 Neg. May Hosp. 8 May 17 
Dx. = NP A.C, Lyx: NP 
Sore throat. ++ 0) 166 30 Sore throat, fever, +++ 
Hosp. 1 Apr. 19 Apr. rash. Hosp. 30 17 
Dx. NP Apr. 
Dx. SF 
Sore throat, 19 Mar. : +++ 166 30 Sore throat, fever, 
Reported to sick 19 19 Apr. rash. Hosp. 30 L7 
call. Not hosp. Apr. 
Dx. SF 
Sore throat, 7 Apr. ++4 a 615 8 Sore throat, fever ++4 
Reported sick call. 19 19 May Hosp. 8 May 17 
Not hospitalized Dx. NP 
“Cold” some time in ++ ++4 250 250 16 No record of symp +++ 
Apr. Reported 19 19 Mav toms 17 
sick eall. Told he Not hospitalized 
had NP. Not 
hospitalized 
Sore throat, 14 Apr. ++ ++ 2500 1250 Prob, No record of symp 
Reported sick call. 3 3 25 toms. Not hos- 
Not hospitalized Apr. pitalized 
No reeord of symp 0 0 333 333 14 Sore throat, fever +++ 
toms May Hosp. 14 May 17 
Dx. NP 
No record of symp- 0 a 500 625 2] Sore throat, fever ++ 
toms May Hosp. 21 May 17 
Dx. NP 
ASL Antistreptolysin. 
CS Throat culture. 
NC Nose culture. 
NP Nasopharyngitis. 
SF Scarlet fever. 
+ + 4+ Strongly positive for Beta hemolytic streptococci. 
++ Moderately positive for Beta hemolytic streptococci. 
7 Weakly positive for Beta hemolytic streptococci. 
M-19, M-17, or M-3 Serological type. 
Neg. A.C. Not Group A or C. 
0 Negative culture. 


Not done. 


SUMMARY 
A study of an epidemic of Type 19 Group A streptococcal infection followed 
by a secondary wave of Type 17 cases revealed that recovery from the Type 19 
infection did not protect against attack by a Type 17 strain within a few weeks 
t recovery. Antistreptolysin titers one or two weeks prior to the Type 17 
ttacks ranged from 166 to more than 2,500. 
Though the epidemic showed Type 19 to be a scarlatinogeni¢ strain, two 
itients failed to develop a rash, though they exhibited typical scarlet fever 
hen infected with the Type 17 strain a few weeks later. 
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LABORATORY METHODS 


AN ADAPTATION OF THE MAXIMOW TECHNIQUE FOR 
PREPARATION OF SECTIONS OF HEMATOPOIETIC TISSUES 
i MatrrHuew Buiock, PH.D., M.D., Vicroria SMALLER, M.T., AND JESSIE BROWN 
CHicaco, ItLb. 


INTRODUCTION 


II cosin-azure II, later hematoxylin cosin-azure I], method of staining 

was utilized by Alexander Maximow! beginning about 1907 for a series of 
researches of fundamental importance on the histogenesis and interrelationships 
of the cells of the hematopoietic tissues. 

This technique has found wide application in a variety of histologic 
and pathologie studies such as those by William Bloom? on hematopoietic 
tissues, by Taliaferro and Cannon® and Huff and associates* for investiga- 
tion of the histopathology of malaria, by Jacobsen and co-workers’ for the 
study of the pathology of irradiation, and by Loosli® for the study of the 
histogenesis of pulmonary inflammation, The particular advantage noted by 
these investigators was that this staining method, especially when used for 
hematopoietic tissues freshly fixed in formol-Zenker and = sectioned in nitro- 
cellulose, enabled one to differentiate between hematopoietic cells as well as may 
be done in smears. One of us (M. B.) in 1947 introduced the Maximow technique 
for routine clinical use and for research in the Hematology Section of the De- 
partment of Medicine of the University of Chicago. Over 3,000 biopsy specimens 
of human hematopoietic tissues prepared by this method have been studied, 
and it is now regarded in this institution as the best approach to the problem 
of the preparation of hematopoietic tissues for microscopic study primarily 
because it combines a method of studying architecture and evtology in one 





preparation. 

| We have had numerous requests from other investigators, particularly 
ematologists, regarding details of the Maximow technique. Since Maximow’s’ 
leseription of the technique was published in German in 1909 and the most 
ctailed description of the method in English* is now out of print, we are using 
is opportunity to describe the technique with our own modifications which 
uiprove the results and greatly decrease the time needed for preparation of 

ie slides. The hematoxylin eosin-azure IIT stain may be utilized successfully for 
ith paraffin and nitrocellulose embedded sections, although hematopoietic tis- 
es show less shrinkage following nitrocellulose embedding. 
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TECHNIQUE 
Stock Solutions. 


Zenker stock solution 


Potassium dichromate 25 Gm. 
Mercurie chloride 50 Gm. 


Distilled water 1000 ml. 


Neutral formalin 


Add about 2 Gm. of lithium carbonate or magnesium Car 


bonate ervstals to 500 ml. formalin. An excess of the 
earbonate should always be present, undissolved, at the 


bottom of the formalin. 


Delafield’s hematoxvlin solutior 

Kosit soiution 
Dissolve ©.1 Gm. of water-soluble vellow eosin in 
LOO n listilled e! 


Dissolve 0.1 Gm. of azure TT in 100 ml. distilled water. 


Splet Ivmy node, and hepatie tissue are obtained by biopsy with the Vim-Silverman 
needie Or at surgical exp oration and fixed at once. 


Marrow may be obtained by trephining or more simply by aspiration utilizing a 


auge needle.* The skin is first punetured with a No. 11 Bard Parker blade since the 


“-gauge needle will not penetrate the skin. A small drop of tluid marrow is smeared out 


on each of four slides. The rest of the aspirate is expressed onto a hard surface (glass, 
stone, metal) in a long thin stream. Pieces of marrow are picked up with the end of a 
ouched to the slides for abklatch preparations. Other pieces are picked up 


and piled on a corner of a eard+ and dropped immediately into the fixative. In rare 


cases where too much blood is adherent, the marrow particles are dragged slowly across 
a hard surface until exeess blood is removed and then fixed at once. Anticoagulants are 
not used 


2. Firation—Immediately prior to use mix nine parts of Zenker and one part of 


neutral formalin. A small amount of suspended carbonate does not affect the fixation. 


The label ecard and attached snecimen is kept in formol-Zenker solution for three hours, 


althougl mersion for as long as twenty-four hours is permissible. Following fixation for 
twenty-four hours the cytoplasm of eosinophilic erythroblasts and erythrocytes may be 
‘ome granular instead of staining homogenously. Cells in the center of the section, even 
n the small marrow pieces, are never as well fixed as are those at the periphery. Con 
sequentiy, when neutrophil granules and their precursors are located in the center of the 
section they 1 not be clearly demonstrable, and the cytoplasm of these cells will then 


stain a diffuse pink. Marrow obtained by surgical biopsy must be cut free from the bony 
cortex to facilitate adequate fixation. All surgical biopsies of soft tissue are sliced as 
thin as possible prior to fixation. After fixation the tissues are w ashed in several changes 
of tap water or one to twenty-four hours in running tap water. Thev are then prepared 
for sectioning in nitrocellulose or parafhi 

Embedding (nitrocellulose){.—The original Maximow method,? based on celloidir 


nged considerablv, and the following 


embedding, was quite lengthy. This has been cha 


procedure is now sed 

A. Dehydrate through 50 per cent, 75 per cent, 95 per cent, 100 per cent, and equa 
parts of ether and absolute ethyl alcohol. Small pieces of marrow aspirate or spleni 
yr hepatic needle biopsies may be changed every five minutes, larger pieces every fiftee! 


*Needle may be obtained from Mr. Vernon Dorn, 112 South Illinois Avenue, Villa Park, I] 


+Card used for labeling the section is a small piece of ordinary 3 by 5 index card. 
tNitrocellulose solution for embedding is obtained from the Randolph Products Compan} 
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OF MAXIMOW TECHNIQUE FOR PREPARING VoL. 42, No, 1, duny, 1953 
HEMATOPOIETIC TISSUE SECTIONS 





All figures are from tissues fixed in formol-Zenker solution, embedded in nitrocellulose, 
tioned at 6 micra with a Spencer sliding microtome, and stained with hematoxylin eosin- 
ire Il. Photographs were taken at 825 magnification and reproduced untouched at original 
enification. 


Explanation of figures. 

1, Stem cells (myeloblasts, hemocytoblasts) : B, Karly neutrophil myelocyte ; C, Neutrophil 
eloeytes: D, Neutrophil metamyelocytes ; Bb Kosinophil myelocytes ; F, Basophilic megalo- 
sts; G, Polychromatophil megaloblast; H, Basophilic erythroblast; J, Polychromatophil 
throblast; P, Plasma cell; R, Reticular cell; A.C., Arterial capillary. 





Ta Fa a5 in lh lata 














Valume 42 ADAPTATION OF MAXIMOW TECHNIQUE 147 


minutes. They may be left in any solution up to and including 75 per cent alcohol for 
several weeks without prejudicing successful sectioning in nitrocellulose. Tissues should not 
he kept in 95 per cent or absolute alcohol or alcohol and ether longer than seventy-two hours. 
For indefinite storage of tissues, either before or after embedding, 75 per cent alcohol is 
recommended, 

B. Separate the tissue from the label card with a sharp blade and allow tissue to fall 
into the smallest Stender embedding dish* which will hold the tissue and immediately fill 
dish with nitrocellulose. Addition of small amounts of ether-aleohol to the stock solution 
is needed periodically to maintain the nitrocellulose at approximately its original viscosity. 

C. Place dish in a desiccator connected to a filter pump or to a nasopharyngeal suction 
machine.t If several dishes are being loaded, keep each covered until ready to start the 
desiccator to prevent formation of a skin of hard nitrocellulose which will later interefere 
with evaporation of the alcohol-ether. 

D. Remove the covers and immediately replace the desiccator lid and start suction until 
the nitrocellulose begins to boil. If more than one dish is in the desiccator, stop suction as 
soon as the nitrocellulose in any one of the dishes begins to boil. 

kk. As soon as suction is stopped, seal the desiccator. When the tissues must be rushed 
through, the Stender dishes may be removed after about five minutes, or as soon as the 
nitrocellulose has ceased boiling. If there is no need of hurry, repeat the suction to get 
better infiltration and leave the tissues in the closed desiccator overnight, or as long as two 
to three days. 

F. Remove Stender dishes from desiceator, quickly orient tissue into desired angle 
for sectioning, add more nitrocellulose, and cover. Do not add enough nitrocellulose to 
touch the bottom of cover. 

G. With the cover on the dish, allow the nitrocellulose to dry until it is hard and 
rubbery or until it shrinks from the bottom of the dish. During hardening it may be 
necessary to cut the upper adherent rim of nitrocellulose from the side of the dish. 
Drying will take one to two days if small Stender dishes are used, and up to seven days 
if larger dishes are used. The time needed for hardening may be decreased by placing 
the uncovered dishes in chloroform vapor until the nitrocellulose is hard and rubbery. 
This usually requires one-half to one hour. Rapidly hardened blocks may not cut as well 
at 6 micra as slowly hardened blocks, but will almost invariably cut well at 8 micra, 

H. Store blocks in 75 per cent alcohol for one-half or preferably an hour before 
sectioning. Blocks may be stored indefinitely in 75 per cent aleohol. 

4. Sectioning.—Paraftin-embedded tissues are cut by the usual technique; nitrocellulose 
embedded tissues by the Rubaschkin-Maximow clove oil method.7,8 The latter consists 
n placing the serial sections on albuminized slides, blotting off the excess aleohol, and 
looding the slides with clove oil. After the sections are clear (about fifteen minutes) the 
lides are passed through three changes of 95 per cent alcohol to remove the clove oil and 

ien through absolute aleohol and ether to remove the nitrocellulose. They are then 
eated like deparaftinized sections. If paraftin-eembedded tissues are used the paraffin is 
moved with xylol and the slides are passed into absolute alcohol. 

5. Staining 

A. Pass slides through iodine in 95 per cent alcohol (add sufficient tincture of iodine 

make a dark mahogany color) for ten minutes, and then through several changes of 
e minutes each of 95 per cent alcohol or sufficiently long to remove the iodine. There- 
‘er pass slides through 75 per cent and 50 per cent alcohol and three changes of dis- 
ed water. 

B. Place slides overnight into a weak solution of Delafield’s hematoxylin (2 drops 

100 ml. distilled water), using fresh solution for each new batch of slides. To speed 





*Stender dishes are obtainable from the A. H. Thomas Company, Philadelphia, Pa. 
*Cenco Hy Vac, type used for aspiration of nasopharyngeal secretions. 
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up the process, the concentration of hematoxylin may be increased, (10 to 15 drops of 
stock Delafield’s hematoxylin in 100 ml. distilled water) and the sections stained until 
the nuclei are just faintly blue. This will take about five to twenty minutes. Progress 
ot staining should be checked by direet microscopic observation. 

©. Immerse slides in distilled water for five minutes to twenty-four hours. If the 
rapid staining method is used, the distilled water should be changed 2 or 35 times even 
though the slides are kept in distilled water for only a total of five minutes. 

D. Place slides in eosin-azure II solution for eight to sixteen hours. This is made 
by adding 15 ml. eosin stock solution to 85 ml. of distilled water and last add 10 ml. of 
azure II stock solution. 

EK. Destain in 95 per cent and then in LOO per cent alcohol until the collagen turns 
pink, pale areas can be seen in the nuclei, and the nuclei may be differentiated from the 
cytoplasm. In bone marrow, megakaryocyte nuclei are the best index to completion of 
destaining. 

If the sections must be rushed through, the slides may be stained in a more con- 
centrated eosin-azure II (45 ml. stock eosin solution, 25 ml. distilled water, and 30 ml. 
stock azure II solution) and may be destained after three to four hours. After this 
shorter immersion in stain, the slides destain more quickly than after staining for twelve 
to eighteen hours. 

The commercial products, particularly azure II, may vary, and the concentration of 
azure Il may be increased or decreased as desired. Slides remaining too long in alcohol 
will look too pale, especially as regards elements stainable with the azure, those not de- 
stained long enough will be too dark blue. If the eosin is removed too rapidly during 
destaining, the concentration of eosin in the staining mixture may be increased or a few 


drops of stock eosin solution added to the 95 per cent alcohol used for destaining. 


RESULTS 

Fies. 1 to 6 illustrate the appearance of the various hematopoietic cells 
in slides prepared by the Maximow method. 

Fig. 1 demonstrates stem cells (.4) and neutrophil myeloeytes (C) in the 
marrow of a patient with untreated polyeythemia vera. The stem cells have 
the characteristic empty looking nuclei except for the large acidophil nucleoli. 
Neutrophil myeloeytes are recognizable by the specific neutrophil granulation. 
In this and other figures the specific neutrophil granules are seen as fine re- 
fractile pink-staining bodies upon microscopic examination, although in the 
reproduction they may appear as a pink haze. Since there are no azure 
granules comparable to those seen in Romanowsky stained smears, and since 
monocytes have no granules, the distinction between the monocyte and 
neutrophil myelocyte is made without difficulty in well-prepared slides. 
Consequently the differentiation between the Schilling and Naegeli type of 
leukemia usually presents little difficulty. 

Fig. 2 is from a needle biopsy of the spleen of a case of untreated chronic 
myelogenous leukemia. Early neutrophil myeloeytes (B) are recognizable by 
their nuclei resembling those of stem cells but having a little more chromatin 
and by the specific neutrophilic granulation. The nuclei of reticular cells (R 
are elongate with delicate chromatin, and the cells have poorly demonstrable 
eytoplasm. Eosinophil myeloeytes (£) have brilliant large eosinophil granules. 
and nuclei resembling those of neutrophils of corresponding degree of matura 
tion. 
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Fig. 3 is from the marrow of an untreated case of pernicious anemia. 
The large basophilic megaloblasts (F, Fig. 3, A) are recognizable by their size, 
large nucleoli, and extremely delicate chromatin. Polychromatophil megalo- 
blasts (G, Fig. 3, B) have smaller nucleoli and finely distributed chromatin. 
Two neutrophil metamyeloeytes (D, Fig. 3, 1) are shown and have specific 
neutrophilic granulation. Their nuclei are more lobate and have darker 
chromatin than that of the neutrophil myelocyte (C, Fig. 1 

Kig. 4 is from the marrow of a case of subacute bacterial endocarditis 
showing plasma cells (P). They have coarse, deeply stained chromatin, a 
thick nuclear membrane, and a pale paranuclear Hot surrounded by a deeply 
basophilic cytoplasm; they are located in a characteristic position along an 
arterial capillary (A. C.).° A neutrophil metamyeloeyte is shown at (D 

Kig. 5 is from the marrow of a patient with an anemia associated with an 
infectious granuloma of unknown etiology. A clump of basophilic erythro- 
blasts (/7) are illustrated. They are smaller, have heavier nuclear chromatin, 
and the nuclei fill up more of the cell than in basophilic megaloblasts of cor- 
responding maturation (F, Fig. 3). Fig. 6 is from a patient with a mild 
Cooley’s anemia. The polychromatophilic erythroblasts (J), bear the same 
relationship morphologically to polyehromatophil megaloblasts (G, Fig. 3, B 
as deseribed above for basophilic erythroblasts as contrasted to basophilic 
megaloblasts. 


DISCUSSION 


Examination of bone marrow has become a frequently utilized clinical 
procedure in the last twenty vears. The standard method has been examina- 
tion of Romanowsky-stained dry smears, and, more recently, similarly stained 
abklateh preparations of marrow aspirates, Supravital staining of the aspirate 
has also had its advocates. 

In spite of almost universal acceptance, occasional objections have been 
voiced with regard to certain errors inherent in the dry smear as opposed to 
the seetion technique for study of marrow'’"! the lesser reproducibility of 
the serial studies,’* lack of correlation between the ratio of the cells seen in 
smears and their actual number,'* '™ inability to demonstrate granulomas and 
netastatie tumors,'’"!* the tendency to obtain hypocellular or even acellular 
smears due to a variable admixture of blood, *! inability to differentiate 
fibrosis from simple atrophy,'S absence or misleading sparsity of normal or 

bnormal reticular cells'? and megakaryocytes,?” and the lack of tissue or- 
sanization.'® Similar deficiencies are encountered when reliance is placed 
nly upon dry smears in the study of liver and spleen biopsies.'* *! 

Most of these same investigators who are aware of these deficiencies in 
ry smears as opposed to sections stress the necessity of referring to dry 
nears in order to identify immature cells. However, the experience of one of 
is (M. B.) with over 3,000 clinical specimens has demonstrated that the 
Jaximow technique has permitted as accurate recognition of cell types in 
‘ctions as is possible in dry smears of hematopoietic tissues. At the same time 
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the use of sections avoids the errors inherent in the dry-smear technique. It 
must be emphasized that fine cytologic detail will not be demonstrated unless 


small pieces of absolutely freshly fixed tissues are used. 


CONCLUSION 
A method of preparing sections of hematopoietic¢ tissues has been deseribed. 
This method allows as ready a recognition of immature hematopoietic cells 
in sections as is possible with Romanowsky stained smears and consequently 
enables one to study both architecture and cytology in the same slide. 


The photographs were taken by Mr. Jean Crunelle of the Photography Department, 
University of Chicago Clinies. The authors would like to express their appreciation for 


his cooperation. 
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NEEDLE BIOPSY AS AN AID IN DIAGNOSIS OF RENAL DISEASE 


ALVIN E. Parrisu, M.D., AND JOHN S. Howe, M.D. 
WASHINGTON, D.C. 


EEDLE biopsy of the kidney has been performed with much apprehension 

in the past. The reported series of Iversen and Brun! demonstrated that 
the procedure can be done without serious complications and that in 50 per cent 
of attempts satisfactory biopsy specimens are obtained. We have modified their 
technique slightly and are reporting an additional 50 instances of attempted 
needle biopsy of the kidney. 


PROCEDURE 


In preparation for biopsy, prothrombin, bleeding, and clotting times are determined, 
and an x-ray of the abdomen is made. Biopsies are not performed if the bleeding or clotting 
times are abnormal or if the prothrombin time is less than 70 per cent. An x-ray film of 
the abdomen is made primarily to demonstrate the presence of kidney shadows in their normal 
locations. 

The site for insertion of the needle is the apex of the angle formed by the twelfth rib 
above and laterally, and the sacrospinalis muscle medially. The needle is inserted approxi 
mately 1 em. below the twelfth rib to avoid the intercostal vessels. The Turkel biopsy instru 
ment, a 12-gauge needle with a 75 mm. shaft, and a 100 mm. inner cutting needle (Fig. 1) 
is used. With the patient in the sitting position and following local anesthesia, the shorter 
needle is inserted directing it toward the midline anteriorly and slightly cephalad to a depth 
of about one-half the length of the shaft. If it is not in the kidney it can then be advanced 
slowly until its tip lies within the renal parenchyma. When the tip is in the kidney the hub 
moves with respiration and usually pulsates. The stylus of the needle is then replaced by 
the cutting portion of the instrument and a plug of tissue cut by rotating the inner needle, 
applying suction with a syringe, and removing the inner needle and plug. The kidney offers 
almost no resistance to the cutting needle, whereas the muscle and facia of the back are of 
rubbery consistency. Following removal of the tissue plug there is usually a free flow of 
blood from the outer needle which has been left in place. The stylus is reinserted and left 
in place for several seconds to aid in stopping the flow of blood, and then the instrument is 
removed. Following biopsy the patients are kept absolutely quiet for one hour and at bed 
rest for twenty-four hours. Blood pressure and pulse determinations are made at thirty-minut: 
intervals for two hours, sixty-minute intervals for two hours, and four-hour intervals for 
twenty-four hours. 

The tissue is fixed immediately in 10 per cent formalin for sectioning and is processed 
as any routine surgical biopsy. 

The specimen is embedded, and longitudinal paraftin sections 6 microns in thickness are 
cut. An attempt is made to mount several sections on one slide. By careful technique, up 
to fifty or sixty sections can be obtained from one specimen. Sections may be stained witli 
hematoxylin and eosin, Masson, Wilder reticulum, PAS (Periodic acid Schiff), or, in fact, 
any special stain which is applicable to formalin fixed paraftin-embedded material. 
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and the George Washington University School of Medicine. 
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Chief Medical Director. The statements, and conclusions published are those of the authors 
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Received for publication, Feb. 4, 1953. 





» 


15: 








dc 


th 











Valea 3 NEEDLE BIOPSY IN DIAGNOSING RENAL DISEASE 153 
umber 
RESULTS 

Table I summarizes the results. Fifty biopsy attempts have been made in 
41 patients with renal tissue being obtained in 31 instances. In two of these, 
however, the amount of renal tissue obtained was insufficient for diagnosis 
making 29 suecessful biopsies or 62 per cent of attempts and 71 per cent of 
patients biopsied. 


TABLE I. SUMMARY OF RESULTS 


siopsy attempts 50 
Patients biopsied 41 
Successful biopsies 29 
Unsuccessful biopsies 21 
Successful on second attempt o 
Unsuccessful on second attempt 4 
More than 1 biopsy successful 2 


Table II lists the types of tissue obtained. It will be noted that in five 
instances no tissue of any kind was obtained. 


TABLE II. TISSUES OBTAINED 


NUMBER OF BIOPSIES 


Kidney a 
Liver I 
Lymph node 1 
Muscle, fat, connective tissue 12 
Nothing 5 


In Table III are the pathologie interpretations of those specimens which 
contained sufficient renal tissue for diagnosis (29 of the 31). In all instances 
renal disease was suspected, but in only 11 was the exact diagnosis made prior 
to biopsy. In five, the specimen was definitely abnormal but could not be 
classified. 


TABLE IIT 


PATHOLOGICAL DIAGNOSIS NUMBER OF BIOPSIES 
Glomerulonephritis 6 
Pyelonephritis 6 
Nephrosclerosis + 
Intereapillary glomerulosclerosis 3 
Toxic nephrosis 3 
Metastatic carcinoma 1 
No definite diagnosis 5 
Normal kidney 1 

Total 29 


The sections consist largely of renal cortex, often containing little or no 
m:dulla, and measure up to 20 mm. in length (Fig. 2). If the biopsy instrument 
is sharp, distortion of the specimen is minimal and involves only the portions of 
the biopsy immediately adjacent to the margins, as can be seen in Fig. 2. This 
dos not interfere with the pathologie interpretation. A satisfactory section 
coitains from 12 to 40 glomeruli and gives an adequate idea of the condition of 
the elomeruli, convoluted tubules, loop of Henle, interstitial tissue, arterioles, 
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and small arteries of the cortex. Usually little information is obtained about 
purely medullary struetures, including collecting tubules and interstitial tissue 
of the medulla and pelvis. Since most of the significant diagnostic changes in 
renal pathology are observed in the cortical structures, this does not represent 
a serious disadvantage of the method. 

It is obvious that since only a small narrow sample of kidney is obtained 


it is possible to miss lesions which are focal, such as abscesses, neoplasms, and 
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Fig. 1.—Turkel biopsy instrument. 
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Fiz. 2.—-Biopsy specimen; actual measurement 15 by 1 mm. | 
localized areas of scarring due to pyelonephritis. However, in most types 01 i 
renal disease which are of clinical significance the pathologic changes tend t 


be diffuse and to involve major numbers of nephrons in both kidneys. This 


a 


characteristic renders the method more useful diagnostically than it might seen 
to be at first glance. 

Following biopsy patients usually have no change in their blood pressur 
or pulse rate, but all patients have hematuria, usually microscopic, lasting u 
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to twelve hours. In only one has gross hematuria been observed. Tachycardia 
or a fall in blood pressure should suggest bleeding around the kidney. Although 
there is little or no pain after the procedure, one patient developed pain at the 
site of the biopsy radiating to the groin and lasting one week. 

The serious complications which might be expected following renal biopsy 
include perirenal extravasation of urine, infection, and bleeding from the 
biopsy site. One of these complications has occurred. A 52-vear-old man with 
hypertension was biopsied to differentiate between nephrosclerosis and pye- 
lonephritis. One hour after biopsy he developed back and abdominal pain. His 
blood pressure and pulse remained unchanged at 190/130. After two hours a 
large visible and palpable mass had appeared in his abdomen that was extremely 
tender and painful. By the third hour his blood pressure had begun to rise, 
reaching 210/120, and the mass had become larger. Because of its increasing 
size the lesion was explored through a flank incision and a large retroperitoneal 
hematoma was found, drained, and packed, but no bleeding point was found. 
He made an uneventful recovery. 





Four patients have come to autopsy subsequent to biopsy, three of these 
within two weeks of biopsy. In none of these was the biopsy considered the 
cause of death. Three of the four had no evidence of trauma or bleeding, in 
spite of the fact that biopsies were attempted in one of these four and two days 
before death. In the remaining patient in whom the biopsy was done three 
lays before death the tissue around the kidney contained about 100 ¢.c¢. of 
ood. 

The following two eases illustrate the value of renal biopsy in differential] 

lagnosis: 
Case 1.—A 25-vear-old man was hospitalized because of migratory pain and 
velling in his joints. Because of a persistent high fever he was treated with 
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ACTH and cortisone over the next twelve months as a collagen vascular dis- 
ease without a satisfactory response. In spite of repeated negative urine cul- 
tures his urine contained white cells having staining characteristics described 
by Sternheimer? as suggestive of pyelonephritis. Renal biopsy showed chronic 
pyelonephritis (Fig. 3). Empirically he was given large doses of penicillin 
following which his fever subsided, his urine became clear of white cells, and 
his arthritic symptoms disappeared, After discharge from the hospital, he 
was able to return to work and has had no further symptoms referable to his 
arthritis. 

Cask 2.—A 54-year-old man with known diabetes was admitted to the 
hospital because of non-pitting ankle edema. <A previous history of radioiodine 
therapy for hyperthyroidism together with ankle edema and hypercholesterolemia 
posed the problem of differentiating between hypothyroidism and chronic renal 





disease. He did not have hypertension. His urine contained albumin and 
lipoid material. A basal metabolic rate was higher than normal, but a protein- 
hound iodine determination was within normal limits. A right renal biopsy was 
interpreted as intercapillary glomerulosclerosis (Fig. 4). This confirmed the 
clinical impression that his symptoms were of renal origin. 


DISCUSSION 


It would appear both from the published report and our own series 0! 
patients that renal biopsy is a valuable adjunct in the diagnosis of renal disease 
It is somewhat limited since a satisfactory specimen of kidney is not obtained ir 
every instance, although our percentage of successful biopsies is greater tha! 
that reported by Iversen and Brun.’ If the procedure is felt justified repeate 
attempts at biopsy in the same patient further increases the chance of obtainin 
renal tissue. The objection that needle biopsy may not yield a representatis 
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piece of tissue is the same as in any other similar procedure. A more serious 
objection is that in terminal renal disease a pathologie diagnosis may be of 
academic interest only and not contribute to the treatment of the patient. 
Similarly, in patients with early or minimal renal disease the pathologic picture 
may not be sufficiently far advanced to allow a diagnosis. This occurred in five 
of our patients. Further clinical study of these patients over a period of time 
may Clarify their diagnosis. 

The procedure has been most valuable in patients in whom pyelonephritis 
Was unsuspected and where proper therapy resulted in marked improvement 
in the patient, as in Case 2. 

There are, in our opinion, several definite contraindications to the proce- 
dure: (1) congestive heart failure with an elevated venous pressure, (2) a 
bleeding diathesis, (3) the presenee of only one kidney. Possibly perinephritis 
or a perinephritie abscess should be included among these. Instances where it 
is felt the procedure is indicated are undiagnosed renal disease, albuminuria, 
or hematuria of renal origin where the etiology is obscure, and as a research 
tool for the further study of renal disease. 


SUMMARY 
Kitty additional instances of attempted needle biopsy of the kidney are 
reported with one serious complication of retroperitoneal bleeding requiring 
surgical intervention, 
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A BIOLOGICAL TEST FOR INCUBATORS 


D. Kopi, M.D.* 
OXFORD, ENGLAND 





UCANTITATIVE bacteriologie experiments require homogeneous incubator 
OQ conditions, and the best incubator will doubtless be the one which operates 
with a minimum of heterogeneity. Perfect control of temperature, however, is 
unobtainable, and some variation from time to time or from place to place 
within an incubator is inevitable. Manufacturers customarily specify the 
amount of this heterogeneity in physical terms, their standards being dependent 
upon the purpose of the instrument. This purely physical specification is not 
fully satisfactory for the user of the instrument who needs to know whether 
such heterogeneity as does occur is great enough to affect the results of a particu- 
lar experiment or class of experiments: he cannot safely assume that even a 
small variation in physical conditions is negligible from the point of view of 
biological changes in the material tested. Cultures placed in an ineubator that 
seems excellent if Judged by physical standards may nevertheless be affected by 
time and position in the instrument to an extent that appears in the measure- 
ments made. On the other hand, even an incubator that is not of the highest 
physical standards may give a control of temperature that is adequate for some 
types of experiment. Only a biological test can determine whether a particular 
instrument is sufficiently homogeneous for a particular material, and the nature 
of that test must be related to the material, 

To make a biological test of the importance of any changes in conditions 
from time to time would not be easy and will not be discussed here. Fortunately, 
this effect is likely to be less important. However, the effect of variations from 
place to place in an incubator can be tested by a simple biological procedure. 
An example for this test is given by the following experiment testing the space 
heterogeneity of an incubator with respect to the growth of a Staphylococcus. 


MATERIAL AND METHODS 


The incubator under test is a small room of 2.5 cubic meters. The insulating walls 
have a thickness of 10 centimeters. One side of this room is occupied by a set of five racks, 
of which the uppermost, middle, and lowest are used for testing (see Fig. 1). The heater is 
a small electric plate of 500 watts placed on the floor under the right-hand end of the racks. 
A contact thermometer controls the heating thermostatically. There is no special provision 
for air convection or regulation of humidity. No physical data concerning uniformity of 
operation are available, 

Nine small paper boxes were placed on each rack, in three rows and three columns as 
shown in Fig. 1. Each box contained two test tubes of Nutrient Broth (Difco) which had 
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been inoculated with a loopful of Staphylococcus albus; thus there were 3 x 9 « 2 — 54 test 


tubes in all. After a suitable time, i.e., as soon as turbidity was conveniently measurable in 
a control tube placed in central position (about four hours with this organism), the first set 
of 27 tubes, one tube from each box, was removed to an ice box (+4° C.), while the remaining 
set of 27 was kept in the incubator only as long as necessary to demonstrate further growth 
in control tubes (about one hour). This procedure of using different times determined by 
control measurement will lead to growth determination approximately at the period of 
maximal growth rate; on the assumption of an S-shaped growth curve this may be expected 
to give almost the maximal sensitivity to the test while shortening the time necessary for 
its performance, 

Tubes were given random numbers and were selected at random from the ice box for 
photometer reading (Pulfrich, Zeiss, filter 5,300 A.) The results, 10 x Extinction are given 
in Table I, 4. An analysis of variance was performed on these data (Table IT). 
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Fig. 1 —Simplified diagram of racks. Position of cultures indicated by dots. Racks not 
used omitted. H = heater. 


RESULTS AND DISCUSSION 


The 53 degrees of freedom in Table II are attributable to various com- 
sonents: times, racks, columns, rows, and their first-, second-, and third-order 
interaction. On comparing the four second-order interactions with the third 
der, no discrepancy was found, and therefore the five terms have been pooled 
') give an estimate of error based on 28 degrees of freedom. This error was 
ised for testing the significance of the contributions made by the remaining 

urees of variation towards the total sum of squares of 912.0, 
1. The difference between times was significant, indicating that, as 
desired, the test was performed in the exponential growth phase. 
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TURBIDITY ¢ CULTURES GROWN IN DIFFERENT POSITIONS OF AN INCUBATOR. 
S ARE 10 EXTINCTION, AS MEASURE OF GROWTH. COMPARE Fia, 1. 
COLUMN 1] COLUMN 2 COLUMN 3 
I l IME rIME 1 rIME 2 rIME 1 rIME 2 
18.2 18.0 1S.0 19.3 14.6 18.0 
Is.2 16.5 16.9 20.4 13.2 A Rack [| 
ica 1% 16.4 19.9 13.4 18.2 
—- 21).4 15.4 19,49 15.1 18.6 
t+ 12.4 15.6 1S. eA 1s.4 Rack II 
8 97 Is. 20,8 pare 20.4 
20)? 7.5 13.6 19.9 7.9 16.7 
14.2 19.7 1S.6 1s.4 5.1 Dee Rack III 
) 23.5 19.1 18.8 6 a4 
s 1. B-G. MEAN VALUES FROM TABLE I, 4 AND THEIR STANDARD ERRORS 
a FR i, Dp 1. ¥ 
1 14.68 ae Ves. L i736 1 16.67 
Time Rack II 16.62Colamn 4 2 18.23 Row 2 45.36 
2 8.06 Ir 14.78 13.32 17.08 
TY ().4v 0.51 0.51 0.51 
TABLE I, F. 
OLUMN COLUMN 2 COLUMN 
16.38 16.9 10.77 
18.55 19.56 16.27 
i} 72 
TABLE I, G. 
7 } 
( MN COLUMN 2 COLUMN 7 
17.79 18.57 16.78 a=" 
16.17 18.05 15.63 
18.12 18.07 8.15 
es ee S er 
The TWo degrees ot freedom tor difterenees between racks were 
split into the components R’, the contrast between racks I and II 
and R”. the contrast between the mean of (I+ II) and III. The 
growth on rack IIT was significantly less than on racks I and IT. 
A similar subdivision for columns gives: C’, the contrast be- 
tween columns 1 and 2 and C”, the contrast between the mean ot 
columns (1 2) and 3. The growth in column 3 was signifi- 


eantly less than in 1 and 2. 

There was no significant growth difference between rows. 
occurred, indicating 
the increase of growth in column 3 at time Le, 9.50 
2 (1.95 and 2.66 


The growth curve of the organism is therefore affected in column 


A significant interaction of time with C” 
» 


+ 


that 


vreater than the increases in columns 1 and 


is 


ier by increase of its lag period or by change of its slope or 
by both of them. 
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TABLE II. ANALYSIS OF VARIANCE FOR THE DATA OF TABLE I. 


ADJUSTMENT FOR MEAN 14486.1 
NATURE OF VARIATION ad. £. SUM OF SQUARES MEAN SQUARE k 
Times CT) ] 15327 15337 32.77t 
(R’) l 10.8 10.8 2.30 
Racks | R”) I 68.3 68.3 14.564 
; CG") ] 6.9 6.9 1.47 
Columns 1 (G") 1 187 D187 16.634 
Rows (W) 2 29.3 14.7 Bg) 1. 
TR 2 7.6 3.9 
| TC’ 1 1.1 1.1 
TO" 1 0.8 S08 6 57* 
nivuxy o ‘ , 
Interactions ~ bi : “i ~ 
| Re” 2 193.1 96.6 20.60 
RW 27.1 6.8 1.45 
\ CW } 24.2 6.1 1.50 
TRC $ Deo 
TRW } 3.8 
Error ~ TCW 1 20.5 £.69 
| RCW S $3.8 
‘ TRCW S 56.2 
Total 53 912.0 
*Significant (P 0.05). 
*Highly significant (P 0.001). 
ag Contrast between Racks I and II. 
rn” Contrast between mean of Racks (1 + Il) and III. 
Cc Contrast between Columns 1 and 2. 
Od Contrast between mean of Columns (1 + 2) and 3. 
ws 


6. Similarly a significant interaction was found for racks and 


’ 


» 


indicating that the inferiority of column 3 was most pronounced 
on rack IIT where a deficiency of growth of 9.95 was observed 
as compared with 1.40 and 1.48 on the other racks. 

If one compares these results with Fig. 1, it is obvious that the heterogeneity 
is introduced by the svstem of heating and its position. The influence of the 
heater can be observed even on rack I], although the tubes are there at a vertical 
distance of one meter from the heater and separated from it by two racks: 
from Table I, G the mean of column 3 on rack IT is 15.63. Comparing this with 
a mean of 17.65 for all positions other than column 3 of racks If and IIT, the 
difference 17.65 — 15.63 — 2.02 is seen to be significant with a t of 2.15. Even 
on rack I, the value 16.78 for column 3 is suspiciously low, suggesting that the 
influence of the heater may be present there, but the effect is too small to be 
judged significant in this experiment. 

The ineubator has shown clear evidence of heterogeneity. In a future 
experiment under the same conditions, therefore, precautions should be taken 
to safeguard the conclusions against misinterpretations on account of the 
ieterogeneity. For example, allocation of tubes from different treatments 
should be made in accordance with a properly randomized design, so as to secure 
inbiased comparisons. Possibly certain parts of the ineubator ought to be 
‘voided entirely in any important experiment. 

Inspection of Fig. 1 may perhaps suggest that, even without experimental 
evidence, highly heterogeneous growth conditions would be expected in this 
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incubator. It may therefore be mentioned that, although users of the ineubator 
admitted that the physical conditions were heterogeneous, they did not believe 
that the variations were large enough to affect biological measurements. 


SUMMARY 

The design of an experiment for testing the heterogeneity of growth con- 
ditions in incubators is described. The method and the analysis of the data are 
demonstrated by a practical example. 


I wish to thank Dr. D. J. Finney, Lecturer in the Design and Analysis of Scientific 
Experiment, for his guidance in the interpretation of these results. 

















SENSITIVITY TESTS WITH COMBINATIONS OF ANTIBIOTICS: 
UNSUITABILITY OF DISC METHOD 
J.B. GUNNISON, M.A., AND E. JAwetz, M.D., Pu.D. 
SAN FRANCISCO, CALIF. 


WITH THE TECHNICAL ASSISTANCE OF P. Hlowarpb, A.B. 


ITH the increasing use of multiple antibiotics in the therapy of drug- 

resistant infection, a laboratory method is urgently needed to guide the 
physician in the selection of useful drug combinations. Thus far no simple 
method for determining combined action suitable for use in the elinieal labora- 
tory has been devised. Combinations of antibiotics may act on bacteria in a 
Gould and Bowie? 
proposed the use of two dises placed at a critical distance to evaluate c¢om- 
bined action. 


synergistic, antagonistic, or indifferent fashion in vitro.' 


Recently, paper dises impregnated with pairs of antibiotics have 
been made commercially available for sensitivity tests, It is implied that such 
dises may help to determine combined antibiotic action against microorganisms 
from ¢linieal specimens. 


SENSITIVITY THE Disc METHOD AND BY 


METHOD 


TESTS OF COMBINATIONS OF ANTIBIOTICS BY 
THE BROTH DILUTION-PLATE COUNT 


TABLE I. 


BACTERIA TESTED 


ANTIBIOTICS 
LABELED CONCENTRA- 


| MICROCOCCUS 


PYOGENES 


STREPTOCOC- 
cUSs 
PYOGENES 


“STREPTO- 
coccus 
FECALIS 


KLEBSIELLA 
PNEUMONTAE 


PROTEUS 
VULGARIS 





! TION OF DRUG IN pIScC* DISC DISC DISC DISC 
DISC ZONE |BROTHt) ZONE | BROTH ZONE | BROTH! ZONE | BROTH) ZONE | BROTH 
Penicillin 1.5 units 12 35 0) 18 0 
Streptomycin 10 yg 14 ) 0 19 12 
Chloramphenicol 18 25 0 24 
10 ug 
Terramycin 10 yg 25 30 19 27 0 
Penicillin 1.5 units + 14 Indiff. 35 Synerg. 0) Synerg. 18 Synerg. 11 Synerg. 
streptomycin 10 wg 
Penicillin 1.5 units + 16 Indiff. 35 Antag. 0 <Antag. 25 Antag. 12 Antag. 
chloramphenicol 
10 ug 
Penicillin 1.5 units + 25 Indiff. 30 Antag. 22. Antag. 26 Antag. 0 
terramyein 10 yg 
Streptomycin 10 yg + 15 Synerg. 25 QO Indiff. 20 Antag. 14 
chloramphenicol 
10 g 
‘treptomyein 10 wg + 25 Synerg. 32 Antag. 21 Indiff. 26 Antag. 12 
terramyein 10 pg 
*The figures the diameter of the zones of inhibition in mm. The discs are approxi- 
tely 10 mm. in diameter. 
0 No zone of inhibition around the disc. 
*Results of broth dilution-plate count method, measuring the early bactericidal effect. 
Indifference effect equal to that of the more active drug alone. 
Synergism effect greater than simple algebraic summation of single drug effects. 
Antagonism effect less than that of the more active drug alone. 
Blank not tested. 





of California School of Medicine. 


From the Department of Microbiology, 
Received for publication, Jan. 21, 1953. 


University 





163 


GUNNISON AND JAWETZ 


MATERIALS AND METHODS 


Dises containing either one or two antibiotics were obtained from a commercial source* 
and tested against 14 pure cultures of various species including Escherichia coli and Pseudo 
monas aeruginosa in addition to those listed in Table IT. Tests were made on agar plates 

proteose No, 3) with or without blood, inoculated with 0.1 ml. of a twenty-four hour broth 
culture, and incubated at 37° C. for twenty-four hours. Representative results are shown 
in Table I. 

The diameters of zones of inhibition with duplicate or triplicate discs containing single 
antibiotics varied by 1 to 5 mm., when assayed on the same plate. Hence differences of less 
than 5 mm. in diameter between discs with single drugs and those with pairs of drugs were not 
significant. 


RESULTS 


In all instances, the dises containing two drugs showed a zone approxi- 


mately equal to that of the more active single drug. Neither synergism nor 


antagonism was demonstrated by the dise method with any combination 
against any of the organisms tested. However, certain of these pairs of anti- 
bioties previously had been shown to be either synergistic or antagonistic 
against some of these organisms in tests made by plate counts of the number 
of viable bacteria during exposure to the drugs in broth.’ The lack of correla- 
tion between the results of the dise method and this broth dilution-plate count 
method, in which the early bactericidal effect was measured, is shown in 
Table I. 


DISCUSSION AND SUMMARY 


The deficiencies of and objections to dise tests even with single drugs have 
heen widely discussed,' and the commercially available testing sets have been 
surveyed.” The dise test, at best, is believed to be only a qualitative guide to 
distinguish sensitive from insensitive organisms, and sometimes fails even in 
this distinetion. 

Dises with two antibiotics might tind limited use in testing original speci- 
mens containing mixtures of bacterial species some of which might be affected 
by one antibiotic and some by the other, giving a zone of inhibition around the 
combined dise but none around the single drug dises. 

The use of dises impregnated with two antibiotics for sensitivity tests of 
pure cultures in the hope of demonstrating either svnergism or antagonism is 


not only valueless but actually misleading. 
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